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SUMMARY
The overall problem with which this thesis is concerned is the 
alternative uses to which the woodlands of Surrey can be put. At 
present the majority of the woodlands are not managed in any way.
The alternative uses considered were agriculture, amenity, 
including conservation and recreation, and forestry. The 
evaluation of these uses was carried out in the following manner.
1 The suitability of each use was assessed with respect to the 
requirements of each use.
2 A comparison was made of the benefits and inputs required
for each use.
3 Finally, the evaluation was made giving consideration to the 
physical, economic and social factors of Surrey and the UK.
To carry out this evaluation ten topics emerged as requiring 
detailed investigation;
1 Geographical setting and identification of the main site
types in Surrey.
2 The characteristics of the woodlands in Surrey.
3 The characteristics of agriculture in Surrey.
A Requirements for forestry operations.
5 The potential for increased timber production in Surrey.
6 UK and World timber supply and demand.
7 Legal framework for forestry in the UK.
8 Agriculture and the development of Surrey’s woodlands.
iii
9 The amenity value of the woodlands in Surrey.
10 The marketing of timber.
Having made the evaluation of the alternative uses of woodland in 
Surrey the conclusion is that timber production would be the 
optimum use. The following are the important factors which 
emerged in favour of this argument.
1 There will be a rise in the real price of timber and the UK
will need to increase its domestic output of timber.
2 The amenity use of Surrey's woodlands involves a high 
opportunity cost.
3 Surrey's woodlands can play a role in increasing the volume
of home grown timber.
iv
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INTRODUCTION
1 Background
This study was started in October 1979 as a result of funds 
available from the Science Research Council for the purpose of 
inter-disciplinary research. The broad topic for this research 
was the environment and economics.
My first degree was in Ecological Sciences taken at Edinburgh 
University. As part of the Honours in Resource Management I 
carried out a study on Rural Land Use Changes in the Borders 
Region, with particular reference to Forestry. This formed the 
basis of my interest in the rural land uses of Surrey with which 
this thesis is concerned.
Surrey interested me, from a land use point view, for several 
reasons. It is . a well populated county lying directly to the 
south-west of London, in what can be called the 1stock-broker1 or 
’commuter belt’. Despite this close proximity to London it is one 
of the most thickly wooded counties in England. The majority of 
these woodlands did not appear to be managed in any way. 
Travelling around the county it was also evident that not all of 
the agricultural land was being put to the best possible use. 
Many fields were infested with weeds and several heathlands 
appeared to be invaded by bramble, birch and pine. In short, 
Surrey is a very attractive county but much of the rural land is 
not productive. This situation with particular reference to the 
woodlands, is the basis of this study..
- 2 -
2 Aims and Method
The overall problem with which this thesis is concerned is the 
alternative uses to which the woodlands of Surrey can be put. The 
supposition is that they can be developed for the purpose of 
producing timber. It would be incorrect, however, to consider 
timber production alone. If only one use is considered there is 
the danger that, whilst the land may indeed be suitable for that 
use, some other and more beneficial use may be ignored. The
evaluation of the alternative uses of the woodlands of Surrey has 
been carried out according to the following four principles.
1 Land suitability is assessed with respect to specified kinds
of use. This recognises the fact that different kinds of 
use have different requirements. Thus the land itself and 
the use are equally fundamental to the evaluation.
2 Evaluation requires a comparison of the benefits obtained
and the inputs required for different land uses.
3 Evaluation is made in terms relevant to the physical,
economic and social context of the area concerned.
4 The evaluation must refer to use on a sustained basis. The
aspect of environmental degradation is taken into account 
when assessing land use suitability.
These principles form the basis of the investigation into the
future use of the woodlands in Surrey. Ten topics emerged as 
requiring detailed study so that final conclusions could be made. 
These are as follows:
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1 Geographical setting and identification of site types.
2 The characteristics of the woodlands of Surrey.
3 The characterisitcs of agriculture in Surrey.
4 Requirements for forestry operations.
5 The potential for increased timber production in Surrey.
6 UK and World timber supply and demand.
7 Legal framework for forestry in the UK.
8 Agriculture as a restriction to the development of Surrey's
woods.
9 The amenity value of woodlands in Surrey.
10 The marketing of timber.
3 The Woodlands of Surrey
A considerable amount of time was spent collecting data on the 
woodlands of Surrey. This data came from a land use survey of
Surrey carried out in 1977 by the Geography Department of Kings
College, London. All sizes of woodland were mapped and classified
according to the following types; Deciduous, Conifer, Mixed, 
Scrub, Coppice and Coppice-with-Standards. These maps, on the 
scale of 6 inches to 1 mile, allowed the size and type
distribution of all the woods in Surrey to be determined. This 
could also be done for specific areas within Surrey, e.g., woods 
in the Area of Outstanding Natural Beauty (A.O.N.B.), and for 
woods with further characteristics, e.g., used for conservation or 
recreation.
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The maps provided a unique and highly disaggregated data base 
which was used to answer many questions regarding the nature and 
future use of Surrey's woodlands.
Amenity and Woodlands
Throughout this thesis the amenity aspect of Surrey's woodlands 
occurs frequently. The majority of these woodlands may not be 
producing timber, but it could be argued they produce intangible 
benefits. Woodlands may be important for their aesthetic 
qualities and also for their conservational and recreational 
value. These aspects are considered in Chapter 9, where an 
attempt is made to evaluate the amenity provided by woodlands.
4 Surrey and the UK
This thesis is concerned with the woodlands in Surrey. They 
cannot, however, be viewed in isolation. Thus the third principle 
of evaluation, i.e., that evaluation is made in terms relevant to 
the physical, economic and social context of the area concerned, 
must refer to the UK as well as Surrey. In Chapters 6 and 10 
timber production is considered from the national viewpoint. In 
addition, it is hoped the conclusions made in this study will be 
applicable to other areas in lowland Britain, i.e., areas where 
the introduction of timber production to woodlands may be viewed 
as a marginal activity. There has been a considerable amount of 
literature dealing with unproductive land in the uplands and this 
thesis aims to make a contribution to the body of research dealing 
with marginal woods in the lowlands of Britain.
CHAPTER ONE
GEOGRAPHICAL SETTING AND IDENTIFICATION OF SITE TYPES
The aim of this chapter is to outline the main geographical 
characteristics of Surrey and present the physical setting in 
which forestry and other land uses operate.
1 Administrative Setting
References to Surrey are to the present administrative county, 
i.e. excluding those areas transferred to London on 1st April 
1965, but including subsequent small adjustments at Farleigh and 
Horley in 1969, and excluding areas transferred to West Sussex on 
1st April 1974. It is one of the largest non-metropolitan 
counties in terms of population, 1,002,700 (1976), but one of the 
smallest in area - 167,925 hectares (Surrey County Council, 1980).
2 Geographical Setting
The physical, social and economic structure of the county is 
greatly influenced by its geographical location on the edge of 
Greater London. Much of Inner Surrey has a close relationship 
with the outer suburbs of London. The remainder of the county 
comprises separate towns in a predominantly rural setting. Surrey 
has only become well populated since the end of the 18th century. 
Once it was the poorest and most sparsely populated of the home 
counties, with small settlements in the river valleys and a few 
along the northern fringe of the North Downs.
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Economically, Surrey has strong links with the Metropolitan area. 
By 1971 approximately 150,000 people (30% of the county’s working 
population) travelled to London daily to work (Surrey County 
Council, 1980). The road and rail networks also show a pronounced 
relationship with London, with a dense pattern of radial routes 
extending into the county. Its proximity to the Metropolis has 
led to continuous pressures for development for housing purposes 
and exploitation for recreational purposes. The influences of 
London have also given rise to the establishment of a Green Belt 
around London, which now takes in most of the Surrey countryside 
(see Chapter 2, Figure 2).
Landscape
The Surrey countryside, whilst not as spectacular as some of the 
more remote and mountainous parts of Britain, is attractive.
The geological structure strongly influences the landscape, giving 
rise to the North Downs chalk escarpment with its steep scarp and 
rolling dip slope valleys, the more gentle sandstone ridges to the 
south and the contrasting sandy heathland to the north-west and 
south-west of the county. These are set against the flat, 
alluvial and dissecting nature of the Mole and Wey Valleys. 
Superimposed on this undulating topography is the distribution of 
rural land uses, with extensive mature woodlands characterised by 
beech and oak woods on the chalk and more subdued coniferous 
plantations on the sandy soils and mainly grassland farms 
elsewhere.
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3 The Geology of Surrey
The geological formations present in Surrey determine the main 
soil types which occur in the county. Figure 1 shows the 
distribution of these geological formations.
The Weald Clay covers an extensive part of Surrey extending along 
its southern border. It constitutes the physical region known as 
the Low Weald and is a low-lying plain that is intensively 
farmed. The Weald Clay mainly consists of shales and mudstones 
with subordinate silts tones, sandstones, shelly limestones and 
clay ironstones.
To the south east of the Weald Clay lies the Hastings Beds which 
are a mixture of soft mudstones and thinly bedded sandstones.
The Lower Greensand!s junction with the subjacent Weald Clay is 
always sharp and there is little disconformity between the two 
deposits. The Lower Greensand is entirely composed of sandstone 
forms.
The Gault and Upper Greensand are represented in Surrey by very 
narrow outcrops in the eastern part of the county, frequently 
obscured by weathered chalk debris and periglaciated material from 
the scarp of the North Downs.
Gault consists of dark bluish-grey soft mudstones which weather to
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Blackheath, -------
: : :  I Woolwich Thanet 
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Figure 1 The Geology of Surrey
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yellow and brown clays. The thickness of the formation varies 
considerably, but in general increases westwards and forms a
narrow outcrop at the foot of the chalk escarpment which in places
is obscured by downwash.
The Upper Greensand, comprising of various sands, occupies a thin 
band between the Gault Clay and the chalk of the North Downs.
Chalk and the North Downs
Over the whole of central ‘and western Europe, as it gradually 
submerged, a great thickness of white calcareous mud was laid down 
and the material is now termed chalk. Chalk is a soft, white, 
friable limestone consisting of over 95% calcium carbonate and was 
deposited as a limy ooze on the bottom of the sea.
The Weald proper is surrounded by the Chalk Downs, with the North
Downs extending across Surrey from Farnham eastwards through Kent 
to the white cliffs of Dover. The North Downs maintain an average 
height of 150 to 230m and there is a steep fall of some 125m to 
the underlying formation of the Upper Greensand and the Gault Clay 
of the Weald.
Within Surrey the Thanet Beds are composed of fine marine sands 
and outcrop in narrow bands at the edge of the chalk on the dip 
slope of the North Downs. Where the Thanet sands are absent, the 
Woolwich and Blackheath Beds lie directly on the chalk. They form 
a narrow outcrop which extends in a line from Sutton through
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Guildford to north of Farnham.
The London Clay which covers an extensive area of Surrey is 
lithologically very uniform and consists principally of marine 
clay. The top most layers of the clay are intermingled with sand, 
thus passing gradually upward into the overlying Bagshot. sands, 
but otherwise its composition is remarkably uniform.
Bagshot Beds
These beds occupy the north-west part of Surrey and consist of 
fine buff-coloured sands with some flint pebbles.
Plateau Drift
The Plateau Drift was deposited during the ice-age as a result of 
periglaciation, i.e. deposits during surface run-off of meltwater.
4 The Soils of Surrey
The survey of rock types in Surrey leads to a consideration of the
soils whose mineral constituents have been derived from the 
underlying rock. However, it would be naive to suggest that all 
soils correspond exactly to the underlying deposits. The soils on
the alluvial deposits of the Thames and its tributaries and at the
foot of the scarp slopes, where 'outwash' material has 
accumulated, are exceptions to those soils which have been formed 
in situ.
Figure 2 shows the profile of the three main soil types found in
Surrey.
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FIGURE 2 SCHEMATIC REPRESENTATION OF MAIN SOIL TYPES FOUND IN
SURREY
» « .v % »
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n.'6 A
Rendzina
A Mixed mineral-organic layer 
C Little altered parent material i.e. chalk
Brown-Earth
A Mixed mineral-organic layer
B Altered horizon distinguished from the 
overlying A horizon and underlying C, by 
colour and structure only
C Little altered parent material i.e. clay
Podsol
L Undecomposed litter
F Partially decomposed litter
11 Well decomposed humus layer, low in mineral 
matter
A Thin mixed mineral-organic layer, strongly 
acid
Ea Eluvial horizon, bleached, depleted of iron
Bs Orange-brown alluvial horizon, enriched with 
iron, strongly acid
C Little altered parent material; sands or 
gravels
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The Soils of the Chalklands
The most striking feature is the shallowness of the soil which is 
sharply demarcated from the white underlying chalk rock. The 
depth of the profile varies from site to site from about 0.1m to 
around 0.3m. The upper few cm are a dark brown coloured loam 
which quickly grades into a lighter brown loan with an increasing 
quantity of chalk which frequently develops into almost pure chalk 
rubble near the base of the soil.
Rendzina is the name given to soils overlying chalk rocks and 
these are found on the scarp and slopes of the valleys and dip 
slope of the North Downs. The characteristics of a Rendzina are 
as follows: they are usually shallow, well drained loamy
calcareous soils with a high base status due to the abundance of 
calcium carbonate. There is often a deficiency of mineral salts, 
notably those containing nitrogen and phosphorus and some trace 
elements.
Although chalk is relatively porous, because it is underlain by a 
thin deposit of clay, the Gault, the water table is maintained and 
soil moisture available even during the summer months.
The Soils of the Claylands
The main area is that of the Weald Clay in the south of the 
county, but the soils of the London Clay, where they are not 
covered by other tertiary deposits, come within the broad 
category. In addition there is the narrow outcrop of Gault lying
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at the foot of the North Downs scarp and the Plateau deposits 
where they consist predominantly of clay. Clay is relatively 
impermeable to water and the soils derived from clay are generally 
poorly drained.
The natural vegetation of clay soils is deciduous oak woodland and 
the resulting profile is that of the Brown Earth or Brown Forest 
Earth. One of the characteristic features of this soil is a well 
developed leaf litter layer and the nutrients derived from the 
decay of the lower layers of litter are released slowly and 
steadily into the soil. Most Brown Earths are neither strongly 
acidic or basic. The soil of clays may be summarised as poorly 
drained, rarely excessively acid or basic and usually humus and 
mineral rich.
The Soils of the. Sandstones
The typical heathland vegetation and light sandy soils indicate 
the distinctive country of the sandstone. The soils developing in 
these conditions are known as Podsols. The top part of the 
typical Podsol profile consists of unrotted plant material and is 
usually a few cm thick. Below, the organic matter is in different 
stages of rotting. Most decomposition is done by fungi as the 
medium is too acidic for the proper functioning of bacteria.
The leaching of much of the minerals results from the continual 
percolation of rainwater containing dissolved humic compounds and
14 -
acids and a base-deficient and generally mineral impoveriched soil 
is formed. Another characteristic of the podsols is that iron is 
leached from the top horizons and deposited in a lower horizon.
Podsols are generally excessively drained and range from
moderately to very acid.
The soils of the Plateau Drift are completely different from the
Rendzinas of the chalk. Most contain a high proportion of clay
and are best classified within the Brown Earths.
5 Climate
The broad characteristics of the climate of Surrey do not differ 
substantially from those of other parts of south-east England. 
Within the county, however, there are some local variations, 
especially those related to altitude.
Rainfall
The broad features of the distribution of average annual rainfall 
over Surrey during 1941 to 1970 are shown in Figure 3. The annual 
averages of rainfall in Surrey are just under 600 mm over low 
ground in the north to a little over 900 mm over high ground in 
the south-east.
650
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■800
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800 —  
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Ten-kilometre squares according 
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Figure 3 Average Annual Rainfall in Surrey mm
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Surrey is prone to droughts as are other areas in south-east
England and when rainfall is substantially less than average for a 
number of months, water resources may be seriously curtailed as 
water tables fall. The longest droughts with no day having as 
much as 0.25 mm of rain have lasted up to 60 days in the 
south-east of England (Lamb, 1964).
It is this aspect of Surrey’s climate which represents the most 
limiting factor for agriculture and forestry. Irrigation, by
water spraying, is required in the summer months for many of the 
horticultural crops, especially in the well drained sandy soils. 
The large potential water deficit is, in the opinion of C.A.S. 
(1980), the most important factor limiting further afforestation 
in the south-east of England.
Air Temperature: Table 1 shows the main characteristics of air
temperature for Surrey. These do not differ significantly from 
those of other inland areas in south-east England. The high
frequency of air streams from the Atlantic gives a fairly equable
regime of temperature but the region is nevertheless more subject 
than other parts of Britain to continental influences. Thus 
market gardening is well suited to Surrey but young plants must be 
protected against frost.
Wind: Surrey, with the other home counties, constitutes the
region of the British Isles least subject to strong winds. The 
percentage of the time with gales or near gales (winds of 28 knots
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or more) is only 0.2 at Heathrow and Gntwick, compared with 6 or 7 
at coastal places in north and west Scotland. The problem of 
windthrow during the establishment of trees does not, therefore, 
arise in Surrey.
6 The Vegetation of Surrey
The aim of this section is to outline the natural vegetation types 
which can be found on the various soils.
The Chalk Downs ■
The Plateau deposits give rise to a soil and vegetation quite 
different from that of the surrounding scarp dip slope and valley 
sides.
The Plateau: Mixed deciduous woodland, frequently with beech, is
the typical vegetation where it has been allowed to develop, 
however, mature woodland on the plateau is infrequent. At the 
edges of the Plateau where the deposits and soil thin out and give 
way to the chalky soils, oaks disappear and if present their 
growth is often poor.
Scarp, Dip Slope and Valley Sides: Sheep have grazed many areas
of the Downs; however a gradual decline during the last 1.00 years 
has resulted in the advance of scrub and woodland in many areas 
formerly known as ’sheepwalks'. The typical chalk grassland with 
its richness in herbaceous plants is the result of centuries of 
sheep grazing and impoverishment of the soil. Beech is normally
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associated with climax woodland in succession and is often found 
on the steep valley sides where it forms 'hangers'.
Claylands
The Weald Clay Woodlands are no more than a remnant of the
extensive original Weald Forest. Oak woodland was the natural 
vegetation cover, but today much of the under-storey is hazel 
which with hornbeam and sweet chestnut were frequently coppiced.
Lower Greensand and Bagshot Heaths
Scots pine is abundant on the heathlands, along with birch and
gorse. However, many areas were formerly rough grazed and more or
less open. The more acid soils have become leached by the earlier 
removal of deciduous oak forest more than 4,000 years ago. The 
extended deterioration of these soils as more forest was cleared 
was followed by invasion of those plants which could tolerate the 
mineral deficient, acid and dry soiis.
7 Major Site Types
The aim of outlining the major site types in Surrey is to identify 
the tree species which can be grown and where they can be 
successfully grown. Over small areas there will be variations in 
site fertility, mainly due to changes in the soil. However, these 
need not be considered; areas which have the same limiting factors 
to tree growth can be regarded as one site type.
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There would appear to be 3 major site types in Surrey with geology 
being the most important factor in the delineation of sites. 
Although there are many geological formations in Surrey, there are 
only 3 major soil types and it is the soil which determines the 
potential for tree growth in Surrey. The geological formations, 
however, determine the distribution of the soil types (Figure 4).
THE THREE SITE TYPES* MAIN CHARACTERISTICS
Brown Earths of the Claylands
Soil and subsoil are cold and retentive of moisture, but liable to 
bake and crack in a spell of prolonged dry weather. The soils can 
be termed heavy and are generally difficult to work. Poorly 
drained, rarely excessively acid or basic, but generally humus and 
mineral rich.
Rendzina Soils of the Chalk
Rendzinas are calcareous loams and produce the best arable land in 
the county. They are well drained as the chalk permits water to 
drain rapidly away through the fissures in the rock. Due to the 
calcium carbonate Rendzinas are basic (pH8 - 8.4), but are often 
deficient in nitrogen and phosphorus and some trace elements (iron 
and manganese). Soils on the chalk tend to be very shallow.
Podsols on the Sandstones
These are sandy loams and are of little value from an agricultural
FIGURE 4 RELATIONSHIP BETWEEN GEOLOGY AND SITE TYPES IN SURREY
Geological Formation
Hastings Beds
Weald Clay
Lower Greensand
Chalk
Plateau
London Clay
Bagshot Beds
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Thanet/Woolwich Beds
Site Type
Podsol 
Brown Earth 
Podsol 
Rendzina 
Brown Earth 
Brown Earth 
Podsol 
Brown Earth 
Podsol 
Podsol
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point of view. Their characteristics are; light, acid soils which 
have been leached and are therefore base deficient and mineral 
impoverished. They are excessively drained.
- 23 -
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CHAPTER TOO 
THE CHARACTERISTICS OF THE WOODS OF SURREY
Surrey is one of the most thickly wooded counties in England, but 
it appears that the majority of the woods are not managed for 
timber production (Surrey County Council, 1975). To investigate 
the feasibility of using these woods for timber production the 
detailed characteristics of the woods must be known.
1 General History
It is probable that at one time by far the greater part of the 
county was covered with woodland. The Weald, or southern district 
extending along the north of Sussex into Kent was undoubtedly 
thickly covered with woods, in which oaks predominated. The only 
idea we can form of the woodlands in Surrey towards the end of the 
11th century is from the information supplied by the Domesday 
Book, 1086: Besides the forest which made the southern parts of
Surrey a wilderness in the earlier Middle Ages a large forest lay 
to the north-east of the county and the Wealden Forest was 
originally connected with Woolmer Forest and Alice Holt Wood in 
Hampshire (Nisbet, 1905).
In the north of the county on the Bagshot Sands, sandy commons 
studded with clumps of thorn and fir, with peat bogs in the 
hollows, extended to the slopes above the Thames Valley. At this 
time Surrey was a thinly inhabited county, all forest in the 
original sense of the word, that is wild uncultivated land.
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So long as the forests were still in existence on the Surrey, 
Sussex and Kent Weald, iron was largely produced in these 
counties. But the discovery of coal and the opening of mines in 
the north, coupled with the exhaustion of supplies of wood for
charcoal caused the iron trade in Surrey to dwindle away by the 
18th century. By the end of the 17th century planting had begun 
in Surrey, partly due to the publication of John Evelyn’s "Sylva" 
in 1664. There is no record of the amount of timber cleared from 
Surrey when oak began to have a high value for ship building, but 
Evelyn suggests that it must have been considerable.
Nisbet (1905) gives an indication of the importance of forestry in 
Surrey at the turn of the century. The area under woods and
plantations increased by 4,640 ha between 1881 and 1895 giving an 
area of 22,031 ha. The main purpose of the woods was for 
"ornament and game cover" and the production of timber was a 
secondary consideration. The woods on most estates were worked in 
a more or less haphazard manner without any regular scheme of 
management being adopted. By 1900 little of the original woodland 
remained and there were now considerable areas of coppice, which 
provided small material for fencing and hedging. Charcoal-burning 
carried on to a small extent, though it had long since lost the
importance it had during the days of iron smelting.
2 Change in Woodland Area
(a) Total Area
Table 1 outlines the change in the woodland cover of Surrey since
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1881. The area of woodland has almost doubled since this date, 
with the greatest increase occurring in the first half of the 
century. It also appears that the woodland area is becoming
constant with little change over the last 15 years. There are two
reasons for the increase in woodland in Surrey. Firstly, since 
1919 the Forestry Commission (F.C.) has been purchasing land and 
undertaking afforestation and encouraging private planting. The 
F.C. area accounts for around 2,000 ha and there has been 6,800 ha 
planted by private owners under the F.C. Dedication Scheme. Under 
the sfcljeme, which was introduced in 1947, the owner agrees to 
dedicate his land to forestry and to adhere to a management plan 
aimed at producing saleable timber (see Chapter 7 for a full 
explanation).
Secondly, the use of common rights has declined and many
heathlands have been invaded by Scots pine and birch and are now 
classified as woodland. This process has been helped by the
decline in the grazing by rabbits.
(b) Woodland Types (Table 2)
The notable features of Table 2 are the increase in the area of 
scrub woodland, the decline in the importance of coppice and 
coppice-with-standards and the increase in areas of deciduous and 
mixed woodland to become the most extensive types in Surrey. The 
figure of 3,297 ha for coniferous woodland in 1977 must be viewed 
with caution. As there are 1,336 ha of F.C. conifers and 3,928 ha
- 27 -
TABLE 1
DATE
1881
1895
1924
1933
1947/49
1963
1973
1977
Sources:
CHANGE IN THE WOODLAND AREA OF SURREY1
 ________________ SOURCE_______________________
Agricultural Returns of 1900 in the 
Victoria History
Agricultural Returns of 1900 in the 
Victoria History
F.C. Census of Woodlands woods greater 
than 2 . 0  ha
1st Land Utilisation Survey
F.C. Census of Woodlands woods greater
than 2 . 0  ha
2nd Land Utilisation Survey 
F.C. Census of Woodlands 
1965-67 Revised and Updated 
Woods greater than 0.4 ha 
Land Utilisation Survey of Surrey:
All woodlands
Nisbet (1905), F.C. (1928), Stamp (1941), 
F.C. (1952), Gilbert et al (1975).
AREA (ha)
17,392
22,030
22,849
26,229
27,242
33,277
31,460
33,119
1-The county of Surrey has changed in area since 1881 (see 
Chapter 1).
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TABLE 2 DISTRIBUTION OF WOODLAND TYPES IN SURREY:
1924-1977. Hectares
YEAR Deciduous Mixed Coniferous Coppice C-w-S Scrub
1924 2,614 2,565 2,729 1,082 8,261 1,368
1947/49 8,564 2,319 2,983 2,031 5,502 2,216
1973 11,070 7,070 8,600 780 1,500 3,640
1977 11,361 12,335 3,297 317 1,718 4,091
Sources: F.C. (1928), F.C. (1952), Gilbert et al (1975).
(C-w-S: Coppice with Standards)
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under the Dedication Scheme, it appears that under the 
classification system used by the survey team of Kings College 
London, a considerable area of conifers have been placed under 
mixed woodland.
The increase in area of mixed woodland can also be attributed to 
the invasion of the heaths by Scots pine and birch; although this 
would initially be classified as scrub woodland, these areas would 
soon acquire the characteristics of high forest.
Coppice woodland is no longer popular as there are few outlets for 
the small material produced.
(c) Geographical Distribution (Figure 1)
Today the woodlands are fairly well distributed throughout the 
county, although there are fewer on the eastern side. However, 
this has not always been the case. From the 1st Edition of the 
Ordnance Survey 1 inch map of Surrey (1816) it is evident that the 
majority of* the woodland cover was located on the Weald. Since 
then the proportion of woodland cover on the sands, the Lower 
Greensand and Bagshot Sands, has increased. This has been due to 
planting on the heaths and natural regeneration.
3 Present Woodland Area
Using the most recent survey of woodlands in Surrey - the Land 
Utilisation Survey carried out by the Geography Department of
W O O D LA N D S  IN  SURREY (lllujlrotive only )
Approved
Under Forestry Commission control
Subject to Tree Preservation Order 
County Boundary 
District Boundaries
As at Jan. 1974
Sunbory
Cnertsey
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W eybridgeB ag ih o t
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Bansteod
W oking
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•  Godstone
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" 0  .G uiid io ,dC » * : R eigatt
FornKom
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B v>
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o
0  fc iJ T "  C h id d ing fo ldHin5W?J # * V'
X?
Source: Surrey County Council (1975)
Figure 1 Distribution of Woodlands in Surrey
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Kings College London in 1977, there are 33,119 ha of woodland. 
This includes all types of woodland and of all sizes. Table 3 
gives the distribution of the woods by size and type. Although 
the conifer area may be in error, this will not affect the overall 
picture of the size distribution of the woods.
Before discussing the size and type distribution of the woods it 
will be worthwhile outlining the method by which the information 
on the land use map was tabulated. Each wood was measured using a 
grid square and large tracts of woodland were broken up into 
different types. Although this may exaggerate the degree of 
fragmentation of the woodlands, it is necessary procedure as each 
type of wood must be regarded as a different management unit.
3.1 Size Distribution (Table 4)
The 33,119 ha of woodland cover are made up from 9,205 woods, 
giving an average size of 3.6 ha. The majority of the woods are 
located in the smaller size classes with 85% of them less than
5 ha, but only contributing towards 29% of the total woodland
area. Only 0.8% of the woods are greater than 50 ha.
3.2 Type Distribution (Table 5)
Deciduous and mixed woodland are the most common types in Surrey, 
comprising around 72% of the total area. Coppice and
coppice-with-standards contribute only 6.2% of the total area. An 
interesting aspect of Surrey's woods is the high proportion of
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scrub, just over 4,000 ha. This unproductive area may have 
potential for commercial forestry.
3.3 Size and Type
The most evident feature of Table 3 is the large number of small 
deciduous woodlands present in Surrey. Deciduous woods less than 
5 ha number 3,940 and represent 43% of all woods. These areas are 
the woods found in the corner of fields and even hedgerows with 
full grown trees in them. Although their total area is small, 
their presence in agricultural areas and housing estates gives the 
county an overall well-wooded appearance.
Coppice, coppice-with-standards and scrub woodland all tend to be 
small in size.
The fact that there are no large areas of scrub woodland suggests 
that most of the heathlands, invaded by Scots pine and birch, are 
now classified as mixed woodland. The very large woods in Surrey 
(greater than 1 0 0 ha) tend to be mixed woodland.
4 Geographical Distribution of Woods and Relationship with 
Site Type
The following geological zones have been used to analyse the 
distribution of the woods: Lower Greensand, Bagshot Sands, Weald 
Clay, London Clay, Hastings Beds and the North Downs. These areas 
were defined in Chapter 1 (Section 3). The Chalk, Thanet Beds, 
Upper Greensand and Gault Clay have been grouped together to make
- 35 -
interpretation easier and also because the North Downs forms a 
natural physical area, the chalk having been outwashed on to many 
areas of other deposits.
Size
Table 6 gives the type-size distribution of the woodlands for each 
of the different regions.
The largest number and area of woodlands are located on the Weald 
Clay. Together with the Lower Greensand this southern part of the
county contains 56% of the woodland area. The average size of the
woodlands in these areas is also greater than the county average 
(Table 7).
On the Bagshot Sands there are numerous small scrub woodlands 
which cover as great an area as the deciduous and mixed woods of 
this area. The London Clay has numerous small deciduous woodlands 
and much fewer mixed woods, yet the latter contributes the most to 
the area of woodland because they tend to be large woods. This is 
also the case for the Lower Greensand and the Bagshot Sands, while
deciduous woods are mostly found on the Weald Clay. This is not
surprising as the original Wealden Forest was mainly oak and some 
of the woods are remnants of this forest. Coppice and
coppice-with-standards are mainly concentrated on the chalk of the 
North Downs and the Hastings Beds.
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TABLE 7 AVERAGE SIZE OF WOODLANDS IN THE REGIONS OF SURREY
Area 
Lower Greensand 
Bagshot Sands 
Weald Clay 
London Clay 
North Downs 
Hastings Beds
Av. Size (ha)
4.10 
2.81
4.10
3.65 
3.31
1.65
County Average 3.59
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5 Species of Tree
Table 8 shows the species composition of the main woodlands; Scots 
pine and oak are the principal species. Other conifers of 
significance are Corsican pine, Norway spruce and larches. There 
is also a considerable area of F.C. owned Western hemlock in the 
younger age clases. (See later section on F.C. production). Oak 
and beech dominate the broadleaved species, although birch 
woodland is of significance in the private sector. Birch is a 
common species on open heaths and scrubland, but when it is 
allowed to develop to maturity it can be classified as high 
forest. (See Section 2(b)).
Except on the poorer sandy soils, where Scots pine can thrive, 
Corsican pine and Western hemlock will become increasingly 
important as they are generally more productive than other 
conifers.
6 Age Distribution of the Woodlands
The age distribution of the woodland cover is essential 
information for predicting the state of the woods in future years 
and the likely level of future timber production. Table 9 
summarises the age structure of F.C. and private woodland. (High 
forest only). The majority of the F.C. woods are located in the 
younger age classes as the F.C. has carried out nearly 
three-quarters of its planting after the Second World War. cIn the 
private sector .more of the woods are located in the older age 
classes, yet there is a large area in the 16-25 year age class.
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TABLE 8 SPECIES COMPOSITION OF MAIN WOODLANDS
(High Forest Only)
F.C. PRIVATE
% of Conifers
Scots pine 21 72
Corsican pine 22 1
Norway spruce 18 6
Larches 6 12
Western hemlock 16 -
Douglas fir 13 4
Others 4 5
100 . 100
% of Broadleaves
Oak 49 47
Beech 35 11
Ash 4 3
Birch 4 27
Sweet chestnut 1 4
Others 7 8
100 100
Source: Gilbert et al (1975)
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This large area of post-war planting was a result of the newly 
introduced Dedication Scheme which provided financial assistance 
to private woodland owners.
In the interpretation of the age structure of private woods, an 
important factor is the area in each age class which is under 
management. The woods under 25 years will be managed as they are 
mostly under Dedication Schemes. For woods outside the Dedication 
Scheme it is difficult to ascertain whether management is taking 
place; as regards scrub woodland, which is not included in 
Table 9, and the mixed woodland on the heaths, because they have 
arisen from natural regeneration they are unlikely to be managed 
for timber. A survey carried out by the County Council found that 
26,650 ha of woodlands were not managed to approved plans of 
operation. A further survey in the Surrey Hills Area of 
Outstanding Natural Beauty showed that much of the woodland 
consisted mainly of over-mature trees due to lack of management 
and a consequential lack of young trees to ensure regeneration of 
the species (Surrey County Council, 1975). This seems to indicate 
that older woods in the private sector, which are not managed, are 
in danger of becoming derelict and disappearing from the 
landscape.
7 Use of Woodlands
The term woodland only indicates the vegetation cover of a certain 
area and does not tell us the use to which the woods are put.
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TABLE 9 AGE STRUCTURE OF HIGI1-FOREST IN SURREY
(1973) F.C. PRIVATE
AGE CLASS ha % ha %
15 600 28 1,340 7
16-25 800 37 6,150 30
26-35 175 8 1,537 8
36-45 105 5 1 , 1 0 0 5
46-55 2 1 0 10 1,500 7
56-75 75 3 2,350 12
75+ 2 0 0 9 6,400 31
2,165 1 0 0 20,377 1 0 0
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They can be used for Limber production, recreation, conservation 
or have no land use activity, but contribute towards the amenity 
of the area. This section aims to indicate the levels of these 
various uses in Surrey’s woods and outline the characteristics of 
the woods under the different uses.
Timber Production
The level of success at which timber production operates in Surrey 
will be an important consideration in the feasibility of extending 
timber production to unproductive woods.
Area under Production
The F.C. owns 1,910 ha of productive high forest and a further 
260 ha of unproductive broadleaved woodland. There are also 
6,805 ha of woodland in private ownership but managed for timber 
under the F.C. Dedication Scheme. These Dedicated woods produced 
7,762 of timber in 1979 and the F.C. woods 1,853 M^ in 1980. 
This low productivity of around 1 M^/ha/year is due to the fact 
that much of the area is immature and not yet reached final 
felling. Once woodlands have reached full production it can be 
expected that they would produce in the region of 10 M^/ha/year.
Table 10 gives a breakdown of the timber production from Dedicated 
woods. Most of the softwood production comes from thinnings, 
while final fellings dominate hardwood production.
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TABLE 10 PRODUCTION FROM DEDICATED WOODLANDS 1979
Total area *
Production (M^) 
Felled 
Thinned
Total
YIELD
Conifers
3,928 ha
1,443
3,813
5,256
1.34 M^/ha/yr
Hardwoods
2,214 ha
2,302
204
2,506
1.13 M^/ha/yr
* area excludes bare land
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F.C. Woods
Table 11 gives the area and production for each species in the 
F.C. woods. To appreciate why the yields are so low it is 
necessary to look at the age structure and Yield Class 
distribution for the woods. The details of these are given in the 
appendix. In the calculation of volume production the age of 
maximum mean annual volume increment (MAI) has been taken as the 
optimum felling age. In practice the optimum felling age usually 
occurs shortly before the age of maximum MAI. The difference 
between the two is small for crops where the maximum MAI occurs 
relatively early but increases as the age of the maximum MAI 
increases (or, with lower Yield Classes). However, for the 
purpose of calculation the total annual timber production the age 
of maximum MAI will be adequate.
Conifers
Most of the production at present consists of thinnings. Only 
Japanese and European larch are producing timber in the form of 
the final felling. European larch has an average yield of
4.4 M^/ha/year because the majority of the stands have reached 
final felling age.
The range of Yield Classes found in the F.C. woods are typical for 
the south-east of England and in all the species, with the 
exception of Douglas fir, the upper Yield Class is represented in 
Surrey.
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TABLE 11 F.C. WOODLANDS IN SURREY: AREA AND PRODUCTION
(1981)
Conifer High Forest Area Prod’n Broadleaved Area Prod ’
(ha) (M3) High Forest (ha) (M3)
Scots pine 285 310 Oak 153 187
Corsican pine 298 277 Beech 1 1 0 34
Norway spruce 239 269 Ash 13 27
European larch . 31 135 Birch 11 5
Japanese larch 38 90 Sycamore 3 2
Hybrid larch 12 15 Sweet chestnut 3 4
Western hemlock 219 216 Red oak 5 3
Douglas fir 169 235 Poplar 8 2
Lawsons cypress 17 20 Mixed broadleaves 8 1
Red cedar 18 8 TOTAL 314 265
Grand fir 5 12 ha M 3
Lodgepole pine 4 -
Mixed conifers 1 1
TOTAL 1,336 1,588
ha M3
TOTAL PRODUCTIVE AREA 1,650 ha
TOTAL PRODUCTION 1,853 m 3
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Broadleaves
The four main broadleaved species in the F.C. woods have very 
different production characteristics. For oak the majority of the 
stands are located in the middle age classes, yet the bulk of 
production comes from two woods which have reached the age of 
final felling.
There appears to be two main age groups in the beech stands; those 
planted before the war which provide most of the production and 
those woods planted in the last 30 years which contribute little 
to production as beech takes a long time (approximately 30 years) 
before thinnings can be removed. The present production from 
beech woods is therefore very low. This is also the case for 
birch where all the woods are 35 years or less.
All the ash woods are over 40 years, therefore the F.C. has not 
planted any new ash stands and much of the area is over-mature.
The Yield Classes tend to be somewhat lower than expected for the 
south-east of England (6-10), most of them being 4 or 
6 M 3 /ha/year.
Recreation in Woods
This is mainly an activity of publicly owned woods. Private 
owners may allow access for Informal recreation but this is 
unusual as it is difficult to make a charge on the user.
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The Geography Department of University College London has recorded 
all the areas in Surrey where informal recreation occurs on 
publicly and semi-publicly owned land. Table 12 shows the size 
and type distribution of woods where recreation takes place. The 
data was collected in 1977. Around 19% of Surrey’s woods are used 
for recreation (6,408 ha), mostly deciduous and mixed woodland. 
These woods also tend to be in the larger size classes, e.g. the 
average size of mixed woodland used for recreation is 13.0 ha 
while for all woodlands it is 5.4 ha.
Conservation
Many of the woods in Surrey are designated Sites of Special 
Scientific Interest (S.S.S.I.) by the Nature Conservancy Council. 
These are areas where the flora or fauna are thought to be of 
exceptional value and worthwhile conserving. Many of these areas 
in Surrey are owned by the National Trust, County and District 
Councils and the Surrey Trust for Nature Conservation and are also 
used for informal recreation. Table 13 gives the type-size 
distribution of all woods under S.S.S.I. designation and woods 
which are owned or managed by the Surrey Trust for Nature 
Conservation, but not designated a S.S.S.I. The 4,486 ha (14% of 
the woodland area) mainly consist of deciduous and mixed woodland 
and contains some of the largest woodlands in the county: of the 
21 woods larger than 100 ha in Surrey, 6 of them are designated 
conservation areas. The average size of woodlands designated for 
conservation is 9.5 ha, while the average for all woods in the 
county is only 3.6. This is typical policy of conservation bodies
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including the Nature Conservation Council, in that larger areas 
tend to be chosen for protection, be it woodlands or any other 
habitat, because they have a greater conservation value than 
smaller, similar areas.
Amenity (Figure 2)
The Surrey Hills A.O.N.B. occupies a large area of Surrey, mainly 
coinciding with the Lower Greensand, the dip slope of the North 
Downs and contains most of the land above 130 m in Surrey. The 
distribution by size and type of the 6,241 ha of woodland in the 
A.O.N.B. is given in Table 14. These woodlands represent 
approximately 19% of the total woodland area of Surrey. The 
characteristics of the woodlands in the A.O.N.B. are very similar 
to those of the whole county, i.e. a very large number of woods in 
the small size classes (smaller than 5.0 ha).
8 Conclusion
The important point as regards the use of woodlands in Surrey, is 
that a comparatively small area is used for timber production. 
Only 26% of the total woodland area is owned by the F.C. or 
managed under the Dedication Scheme. Tables 13, 14 and 15
indicate the importance of woods used for amenity purposes. 19% 
of the total woodland area is used for informal recreation, 14% 
for conservation and 19% is located in the Surrey Hills A.O.N.B. 
This situation may mean that the development of these woodlands 
for timber production will be restricted in some way. This is 
discussed more fully in Chapter 9.
SURREY, THE GREEN BELT
Metropolitan Green Belt 1958 
Green Belt Extension 1973 
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Figure 2 Designated Amenity Areas in Surrey
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CHAPTER THREE 
THE CHARACTERISTICS OF AGRICULTURE IN SURREY
1 Introduction
Agriculture is the major land use in Surrey, occupying around 42% 
of the present county area of 167,925 ha. Thus the 
characteristics of farming are important in relation to the 
overall appearance of the county and to other land uses which may 
compete for the same land.
2 General History
Up until the turn of the 18th century farming in Surrey operated 
on a common field basis. However, between 1794 and 1805 about 
11100 ha of common fields were enclosed and by 1900 no instance 
of an unenclosed field existed in Surrey (Spencer, 1905). The 
last surviving common fields lay on the north side of the North 
Downs. In the Weald they seem never to have existed, the reason 
being that this district remained forest and uncultivated until 
after the period when the common field system was the general 
method of cultivation.
However, on the whole, enclosures and the scientific development 
of agriculture came late to Surrey. Evershed (1853) concluded 
that the application of machinery was greatly neglected and Cobbett 
(1830) in his ’Rural Rides’ criticised the farming in Surrey for 
its lack of good management. One reason for this was that much of 
the land was unsuited to modern farming; at the end of the 
18th century one-fifth of the county was under commons, heaths and
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waste-land (Spencer, 1905). Poor drainage was also a problem on 
the lands bordering the Wey, Mole and Wandle and on the heavier 
soils of the Weald. Nevertheless, the principal cause of poor 
farming was bad management which stemmed from the system of 
tenancies. The custom of the county obliged the incoming tenant 
to pay for the unexhausted improvements of his predecessor (e.g., 
manuring, ploughing fallow), but allowed him no security. Hence, 
the tenant had no incentive to improve the land.
Although there are no accurate returns for around 1800, Surrey was 
at that time chiefly a corn growing district, except in the parts 
adjacent to London (Spencer, 1905).
AGRICULTURAL CHANGE 1866-1938
The first reliable statistics, produced by the Ministry of 
Agriculture and Fisheries in 1866 and documented by Stamp and
Willatts (1941), show that 112,803 ha were under crops and grass, 
75,169 ha being arable land (6 6 .6 %). (Table 1). Over the next 
2 0 years the total area suffered little change and the 
predominantly arable character was still marked. Stamp and 
Willatts (1941) suggest that approximately two fields out of every 
three were ploughed and this included the heavy clays of the
Weald. These clays were profitable to plough when corn prices
were high and costs of labour low, and were ploughed extensively 
until the time when corn prices began to fall steeply as new
sources of overseas supplies were opened up.
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YEAR
TABLE 1 AGRICULTURAL LAND IN SURREY 1866-1938
ROUGH
GRAZING
AREA IN 
COUNTY
hectares
CROPS ARABLE 
& GRASS LAND
PERMANENT
GRASS
1866 193767 112803 75169. 37633 N.A.
1870 193767 115500 74795 40705 N.A.
1875 195542 120604 77022 43583 N.A.
1880 195542 121132 71438 49694 N.A.
1885 195542 121041 66135 54906 N.A.
1890 195542 119759 60003 59755 N.A.
1895 1866601 115580 53953 61627 47403
1900 186887 112428 49297 63130 5253
1905 186902 107242 43305 63936 2773
1910 1857202 105470 40253 65217 3270
1915 185720 103305 39043 64261 2882
1920 185437 97728 43165 54562 4047
1925 185437 87346 31990 55351 9190
1930 185437 78602 23688 54914 9970
1935 185437 73366 20632 52733 9946
1938 185437 70662 17602 53059 10310
1 After separation of London
2 Excluding water
3 Up until 1895 rough grazings were included in permanent grass 
N.A. Not available
Source: Stamp and Willatts (1941)
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Since 1890, however, the area of agricultural land in Surrey has 
diminished and the proportion of arable land decreased. Arable 
and grassland occupied roughly equal areas in 1890; there was a 
temporary rise in the proportion of arable land in 1.918-20 and 
then a renewed decline. By 1938, less than one field in every
four was ploughed (Stamp and Willats, 1941). This trend was also 
true for Britain as a whole, as Clapham (1968) has pointed out. 
The aggregate corn-growing area in Britain declined from
3,816,000 ha in 1874 to 3,296,000 ha in 1887 and 2,813,000 ha in
' 1904.
The loss of Surrey’s land from farm to suburb became increasingly 
rapid after 1918. In 1925 less than half of the county was
recorded as crops and grass and by 1938 only 38% of the whole
county remained as farmland, if one excluded the 5.4% of rough 
grazing.
3 The Present Agricultural Situation and Recent Changes
(Since 1938)
Dairying and horticulture are the most important systems in Surrey 
today and the latter is very specialised in Surrey. As in other 
parts of England, the character of agriculture has been mainly
determined by two influences; first the nature of the soil and
secondly the presence or absence of large urban populations. The 
soils are very diversified in Surrey and as a result, although
V
Surrey is one of the smaller counties in England, the character of 
agriculture is remarkably varied and there are few sorts of 
farming not found within its boundaries.
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The development of agriculture In Surrey has been greatly
influenced by the proximity of London. There is a ready demand 
for farm-gate sales, but pressures on the industry and especially
the competition for labour in this affluent area are such that
units continue to increase in size and to adopt more intensive 
systems in order to obtain higher productivity (Gilbert et al, 
1975).
3.1 Soils and Agriculture
Although soils vary considerably over small areas, the following 
areas can be recognised as having more or less the same soil 
characteristics. These areas are described in greater detail in 
the chapter on the geology and soils of Surrey (Chapter 1).
The Wealden Clay is by far the most extensive tract of uniform 
soil in Surrey. It is a difficult and expensive soil to work,
growing good oak timber, but not remarkable for its agricultural 
crops. Soils on the Weald Clay often become waterlogged and when 
completely soaked by rain it takes a long course of dry windy 
weather to restore them to a workable condition. Grassland 
dairying predominates in this area.
\3
The soils of the Lower Greensand are light and easy to work, but 
cannot be said to be particularly fertile. An appreciable area is 
under woodland and heath, as shown in Chapter 2. Dairying again 
predominates and cereals are grown on the larger farms (Gilbert et 
al, 1975).
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The chalk of the North Downs is a light working, but productive 
soil and comprises some of the best arable land in the country.
The poor light acid soils of the Bagshot Sands in the north-west 
are very indifferent for farming purposes, but well suited for the 
production of hardy nursery stock.
Soils of the London Clay are strong and retentive, but superior in 
quality to those of the Wealden Clay.
3.2 Physical Land Classification
In order to classify land according to its agricultural potential 
the Ministry of Agriculture, Fisheries and Food has carried out a 
National Land Classification under which agricultural land has 
been graded according to the degree to which its physical 
characteristics impose long-term limitations on agricultural use. 
The limitations can be classified in four ways;
1 The range of crops that can be grown.
2 The level of yield.
3 The consistency of the yield.
4 The cost of maintaining agricultural production.
The main physical factors which have to be taken into account are 
climate, relief and soil. The grading of agricultural land is on 
the basis of physical quality alone; other less permanent factors 
such as the standard and adequacy of fixed equipment, the level of 
management, farm structure and accessibility are not taken into 
account (M.A.F.F., 1972).
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Description and Distribution of Grades in Surrey (Figure 1) 
Information from M.A.F.F. (1972)
Grade 1 Land with very minor or no physical limitations to 
agricultural use. The soils are deep well drained loams, sandy 
loams or silt loams, lying on level sites and are easily
cultivated. They retain good reserves of available water and are 
either well supplied with plant nutrients or highly responsive to 
fertilizers. No climatic factor restricts their agricultural use 
to any major extent. Yields are consistently high on these soils 
and cropping highly flexible since most crops can be grown.
Grade 1 land is of very limited extent in Surrey, as Table 2
shows. Xt only comprises 0.3% of agricultural land in Surrey,
occurring on small isolated patches in north Surrey. Much of this 
excellent agricultural land has already been developed and only 
small patches remain for agricultural use (Fitch and Power, 1975).
Grade 2 Land with some minor limitations which exclude it from 
Grade 1. Such limitations are frequently connected with the soil: 
e.g., its texture, depth or drainage, though minor climatic or 
site restrictions, such as exposure or slope, may also cause land 
to be included in this grade. The limitations may hinder
cultivations or harvesting of crops, lead to lower yields or make 
the land less flexible than that in Grade 1. However, a wide 
range of agricultural and horticultural crops can usually be 
grown.
oo
Agricultural Land 
Classification
Grade 2 Grade 3 Grade 4
UrbanStaines Non agricultural land
SURREY
The areas of land In Grades 1 and 5 are too small to map
Weybridge;
Epsom
jCamberley
'Woking
;Leatherhead
: Guildford Reigate
Dorking
I Farnham'
M iles 0 10 Miles
kmO 16 km
Figure 1
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TABLE 2 DISTRIBUTION OF LAND BY GRADE IN SURREY AND THE 
S-E REGION*
GRADE
% of agric. land in each 
grade, Surrey 
% of agric. land in each 
grade, S-E
% of total county area in 
each grade 
% of total S-E area in each 
grade
1 2
%
TOTAL
0.3 2.4 67.6 29.6 0.1 100
3.4 13.4 62.2 19.0 2.0 100
0.2 1.0
2.4 9.2
30.0
42.8
13.2
13.0
0.0
1.4
44.41
68.8
1 The rest of the area is in urban use or woodlands and heath
S-E REGION Defined by M.A.F.F.: Berkshire, Bucks., Hants., Isle
of Wight, Kent, Part of Gt. London, Oxfordshire, Surrey and Sussex
SOURCE: M.A.F.F. (1972)
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Grade 2 land is also very limited in Surrey, but it occurs on 
isolated patches of good, deep easily worked soils and on alluvial 
deposits along river valleys where there is good drainage and no 
flood risks. It is to be found too on the river terrace gravels 
along that Thames and tributary valleys. Grade 2 also occurs on 
areas of deep, loamy soils developed at the junction of two 
geological formations, such as the mixing of the Thanet Sands and 
the clay-with-flints (Plateau).
Grade 3 Land with moderate limitations due to the soil, relief
or climate, or some combination of these factors which restricts 
the choice of crops, timing of cultivations, or level of yield. 
Soil defects may be of structure, texture, drainage, depth, 
stoniness or water holding capacity. Other defects, such as 
altitude, slope or rainfall may also be limiting factors; e.g., 
land with a high proportion of moderatley steep slopes ( 1  in 8 to
1 in 5) will generally not be graded above 3. THe range of 
cropping is comparatively restricted and only the less demanding 
horticultural crops can be grown.
Grade 3 is the most extensive class of agricultural land in 
Surrey, accounting for 67.6% of the agricultural land. It occurs 
generally throughout the county where soils are adequately 
drained, fairly deep (300-400 cm or more), suffer no regular flood 
risk or from exposure and lie on slopes of less than 1 in 8 to 
1 in 5. Unlike Grades 1 and 2, Grade 3 is not confined to a few
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geological outcrops with specific soil types. Grade 3 land is 
most common on the Hastings Beds, the Weald Clay and the North 
Downs.
Grade 4 Land with severe limitations due to adverse soil, relief 
or climate, or a combination of these, e.g., land with a high 
proportion of steep slopes (between 1 in 5 and 1 in 3) will not be 
graded above 4. Land in this grade is generally only suitable for 
low output enterprises. A high proportion of it will be under 
grass.
Grade 4 land forms the second largest category in Surrey, 
accounting for 29.6% of agricultural land. It occurs where flood 
risk, particularly poor drainage, heavy clays or steep slopes make 
agriculture difficult.
Grade 4 is found on the steep and broken slopes scattered 
throughout the Chalk and Greensand area and the coarse-textured, 
loamy sands and sands on the Bagshot Beds. Because of coarse soil 
textures nursery plants can make rapid root growth and the 
easy-working characteristics enable plants to be tended and lifted 
throughout the year. The high productivity of such soils under 
this particular system of cropping is somewhat at variance with 
their poor performance under other crops.
Grade 4 land is also found on low-lying poorly drained clay soils 
of the Weald.
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Grade 5 Land with very severe limitations due to adverse soil 
relief or climate, or a combination of them. The main limitations 
include very steep slopes (greater than 1 in 3), poor to very poor 
drainage, shallow depth of soil, excessive stoniness, low water 
holding capacity and severe plant nutrient deficiencies.
Grade 5 land is generally under grass or rough grazing, but 
represents only a very small proportion of Surrey's agricultural 
land (0 .1%), as most of the land which would come into this class
is already in non-agricultural use. However, there are a few 
patches found along the steepest parts of the North Downs 
escarpment. (Too small to be mapped).
In regional terms Surrey has a low proportion of land of the 
highest quality, only 3% of agricultural land in Grades 1 and 2. 
Almost 40% of the agricultural area in the county is Grade 3 and 
30% Grade 4. As a generality, north-west and south-west Surrey 
both contain large areas of heath and woodland and poor 
agricultural land. Mid and eastern Surrey contains most of the 
agricultural land enterprises and the central belt between Farnham 
and Godstone contains some of the better arable land (Fitch and 
Power, 1975).
3.3 Types of Farming in Surrey
Table 3 gives the distribution of full-time farms in Surrey by 
type (1973). It is evident that dairying and horticulture are the 
most important systems in Surrey with 62% of full-time holdings
classifed in this way.
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TABLE 3 HOLDINGS BY TYPE OF FARMING, 1973
Full-Time Farms 
(> 275 STANDARD MAN DAYS labour requirement per year)
TYPE   % of Holdings
Specialist and Mainly Dairying 33
Livestock Rearing and Fattening 12
Cropping 6
Mixed 6
Predominantly Poultry 4
Pigs and Poultry 10
Horticulture_______________________________ 29
TOTAL 100
SOURCE: Gilbert et al (1975)
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3.4 Crops, Grass and Livestock
As is evident from Tables 4 and 5, considerable intensification 
has taken place since pre-war days on a decreasing area of 
agricultural land.
Ploughing of permanent grassland in the war years resulted in the 
tillage area increasing from 2 1 % of the crops and grass area in 
1939 to 49% in 1943. Surrey is more suitable for grassland than 
cereal production and, as other crops are not of major importance, 
most farmers have concentrated on livestock, so that tillage 
represents only slightly more than one-third of the crops and 
grass area. Adoption of improved and more intensive grassland 
management has enabled a substantial improvement in the density of 
stocking to be made since 1939- The stocking density for cattle 
has increased from 0.7/ha in 1939 to 1.6 ha in 1978. (Using total 
grassland for the area).
Livestock (Table 5)
The number of dairy cows has stayed more or less constant whereas 
the number of beef cattle has increased by 50% since the 1960s. 
The number of "other cattle" has also increased and this was 
primarily due to the fact that with the prospect of improved 
profitability of beef production more beef calves have been 
reared.
In recent years the number of milk producers has continued to 
decline. As the dairy herd size has shown little change, the 
average size of herd has further increased, as Table 6 
illustrates.
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TABLE 4 CROPS AND GRASS, SURREY, 1939-1978
1 0 3 ha
1939 1943 1950 1960 1970 1978
Cereals 6.7 2 2 . 2 21.7 16.8 19.1 16.2
Potatoes 1 . 0 2.9 2.3 1 . 1 0 . 6 0.3
Beans and Peas for Stockfeed 0 . 2 0.9 0 . 2 * 0 . 2 *
Root and Green Crops for 2 . 8 5.1 2 . 8 2 . 2 0.7 1 .6
Stockfeed
Other Agric. Crops for Sale * 0.3 0.5 0.3 0 . 1 0.3
Horticultural Crops 2.5 3.2 4.2 3.1 3.1 2 . 0
Bare Fallow 1 . 6 2 . 0 2 . 0 1.3 1 . 2 1.4
Tillage Total 14.8 36.6 33.7 24.8 25.0 2 1 . 8
Temporary Grass and Lucerne 3.1 6.5 14.8 2 0 . 1 14.5 12.7
Permanent Grass 51.6 31.3 27.1 28.0 27.2 26.9
Crops and Grass Total 69.5 74.4 75.6 72.9 66.7 61.4
Rough Grazing 6 . 1 5.2 8 . 2 3.0 3.2 2 . 2
Overall Total 75.6 79.6 83.8 75.9 69.9 63.6
* Less than 100 ha
SOURCE: M.A.F.F. CENSUS
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TABLE 5 LIVESTOCK. SURREY, 1939-1978
Numbers xlO^
Total Dairy Herd 
Total Beef Herd 
Other Cattle
■ 1939 1943 1963 1973 1978
( 2 2 . 1  
(
(
23.0
( 22.9 
(
(
27.5
24.8 
2.7
33.8
25.7
4.0
47.3
22.5
3.8
41.0
Total Cattle 45.1 50.4 61.3 77.0 67.3
Total Sheep 33.1 21.5 39.0 29.1 32.7
Total Pigs 30.3 28.3 77.2 75.3 61.8
Total Poultry 569.0 338.9 1137.0 1001.9 1284.1
SOURCE: MAFF CENSUS
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Since 1939 the number of sheep has remained roughly the same, 
while that of pigs and poultry has increased. In both cases, this 
has been the result of intensification of production, i.e., the
introduction of broiler houses and pig factories. One-quarter of 
the holdings with pigs produce 75% of all pigs, in units of 200 or 
more. 10% of the poultry laying units have more than 2,500 birds, 
comprising 80% of the county flock (Gilbert et al, 1975).
Cereals
Table 7 gives the area of the main types of cereal grown in 
Surrey. Barley is now the most extensively planted cereal with 
much of the production going to the brewing industry, or for
stockfeed. In 1950 wheat and oats each occupied one-third of the 
cereal area, with mixed corn and barley together making up the
other third. In 1978, however, barley alone occupied nearly 
two-thirds of the cereal area and wheat one-third.
Horticulture
The present horticultural Industry developed from a mixed
background of gardening on the large estates and from production 
units encouraged during the expansion of London and its suburbs. 
The distribution of horticultural units is given in Figure 2, 
which shows that most of the production is on the Bagshot Beds, 
the Greensand and Hastings Beds, the soils of which are all 
basically sandy.
Ornamental hardy nursery stock and vegetables comprise the bulk of 
the area. Over 20% of the area of ornamental trees a ml shrubs in
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TABLE 6 NUMBER OK MILK PRODUCERS. SURREY, 1943-1973
AV. NO COWS 
PER PRODUCER 
N.A.
N. A.
37 
74
N.A. Not available
SOURCE: MILK MARKETING BOARD
YEAR___________ NO.____________ NO. DAIRY COWS
1943 1030 N.A.
1953 936 N.A.
1963 646 24,781
1973 346 25,721 *
TABLE 7 AREA OF CEREALS. SURREY, 1950- 1978
1950
ha
% 1960
x 1 0 3 
% 1970 % 1978 %
Wheat 7.0 32.8 5.4 32.3 5.2 27.2 5.0 31.25
Barley 2.9 13.6 7.9 47.3 1 2 . 2 63.9 9.6 60.00
Oats 6.9 32.4 3.1 18.6 1.7 8.9 1.4 8.75
Mixed Corn 4.5 21.2 0.3 1 . 8 * — * _
Total Cereals 21.3 100.0 16.7 1 0 0 . 0 19.1 1 0 0 . 0 16.0 1 0 0 . 0 0
* Less than 100 ha
SOURCE: M. A.F.F. CENSUS
- I I -
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(DATA TAKEN FROM THE JUNE 1972 M.A.F.F. AGRICULTURAL CENSUS)
Figure 2 Distribution of Horticultural Holdings in Surrey
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the U.K. is grown in an area of concentration in the north-west of 
the county, particularly in the vicinity of Bagshot, Chobham and 
Woking.
The soils of the Bagshot Beds are poor from an agricultural 
viewpoint, but their coarse, sandy nature makes them an excellent 
medium for the growth of heaths and small shrubs.
Salad crops are the main vegetables grown, supplying the London 
market and are mostly grown on the Greensand.
3.5 STRUCTURE
3.5.1 Size of Holdings
Table 8 gives the distribution of agricultural holdings and total 
area by total area, size groups. 54% of the agricultural area is 
on 11% of the farms, which are in excess of 100 ha. This 
situation is similar to the overall situation in England and 
Wales. However, there is a considerably higher proportion of 
farms in the smaller size classes in Surrey, as Figure 3 shows. 
This is partly due to the large number of small intensive 
horticultural holdings in Surrey.
However, as Table 9 indicates, the number of small holdings has 
decreased considerably since 1950, suggesting that they are being 
lost to development and also being amalgamated into larger units, 
as the number of large units ( 1 2 0  ha) has increased over recent 
years. Thus the total number of agricultural units has fallen 
from 3,728 in 1950 to 1,770 in 1977.
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TABLE 8 DISTRIBUTION OF HOLDINGS + TOTAL AREA BY TOTAL AREA
SIZE GROUPS SURREY, 1977
Size Group (ha)_____________ No.____________ %_____________ Area (ha)
< 2 199 11 208
2 - 4.9 252 14 833
5 - 9.9 278 16 1987
10 - 19.9 278 16 3885
2 0 - 29.9 178 10 4300
30 - 39.9 106 6 3650
40 - 49.9 88 5 3929
50 - 99.9 2 0 0 11 14015
1 0 0 - 199.9 126 7 1741.5
2 0 0 - 299.9 41 2 9749
300 - 499.9 17 1 6501
500+ 7 1 4178
T0TAL 1770 10 0 70648*
* Area Includes crops and grass, rough grazings, woodland and 
other land on agricultural units.
SOURCE: M.A.F.F. CENSUS
TOTAL 
AREA 
SIZE 
GROUPS 
(ha)
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TABLE 9 NUMBER OF AGRICULTURAL HOLDINGS BY SIZE OF HOLDING
SURREY, 1950 - 1970
SIZE CLASS 1950 1960 1970
ha No. % No. % No. %
< 6 2 0 1 0 54.0 2073 55.9 783 36.8
6 - 8 174 4.7 162 4.4 131 6 . 2
8 - 20 508 13.6 487 13.1 426 2 0 . 0
2 0 - 40 423 11.4 407 1 1 . 0 293 13.8
40 - 60 255 6 . 8 215 5.8 160 7.5
60 - 1 2 0 262 7.0 247 6.7 195 9.2
1 2 0 - 280 90 2.4 111 3.0 117 5.5
280 - 400 4 0 . 1 5 0 . 1 15 0.7
4004- 2 0.05 1 0.025 10 0.5
TOTAL 3728 1 0 0 . 0 0 3708 1 0 0 . 0 0 2130 1 0 0 . 0 0
SOURCE: M.A.F.F. CENSUS
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3.5.2 Part-Time Farming
A Standard Man Day (S.M.D.) represents 8 hours productive work by 
an adult male worker under average conditions. A holding with 
less than 275 S.M.D.s labour requirement per year is regarded by 
M.A.F.F. as 'part-time', as it is not considered to provide 
full-time employment for one man. On this basis, in 1977, 1027 
holdings were classified as part-time (58%) and 743 full-time. 
This is slightly above the average number of part-time farms in 
England and Wales (50%).
These part-time farms in Surrey also tend to be small: 77% of them 
are holdings with less than 2 0 ha of crops and grass 
(M.A.F.F., 1979 c c m i s u s ).
3.5.3 Labour
Improvement in labour productivity since 1953 has been 
considerable (Table 10). From 1953 to 1978 the total number of 
regular full-time workers decreased by 77%. This has run parallel 
with labour-saving improvements and the increasing number of 
part-time holdings.
3.5.4 Farm Ownership
Table 11A gives the distribution of agricultural land by form of 
tenure. The area under owner occupancy is higher than the average 
for England and Wales. Spencer (1905), in the Victoria History of 
Surrey, remarks on the "high number of gentleman farmers and rich
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TABLE 10 REGULAR FULL-TIME WORKERS, INCLUDING FAMILY. 1953-1978
1953______________ 1973______________ 1978
Male 7,600 2,700 2,031
Female__________ 1,100_______________ 550_______________506
TOTAL 8,700 3,250 2,537
SOURCE: M.A.F.F.
TABLE 11A DISTRIBUTION OF AGRICULTURAL AREA BY FORM OF TENURE
1960 - 1977 Surrey
AREA OWNED (1 0 3 ha) AREA RENTED (1 0 3 ha)
Area (%) England and 
Wales (%)
Area (%) England and 
Wales (%)
1977 42.7 60 55 28.0 40 . 45
1970 41.2 57 53 31.2 43 47
1960 49.3 60 56 33.5 40 44
TABLE 11B HOLDINGS OPERATED UNDER ONE TENURE 1977
Surrey
OWNED RENTED
No. Area (103 ha) No. Area (103 ha)
977 24.9 357 16.9
Average size 25 ha    47 ha
SOURCE: M.A.F.F. CENSUS
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landowners farming of their own choice a large extent of land of 
their own".
Moreover, the owner-occupied farms tend to be much smaller than 
the rented properties (Table 11B). As Gilbert et al (1975) points 
out, a feature of the county is the large number of small 
primarily residential holdings. This may be an important factor 
in the development of woodlands in Surrey and also in explaining 
why there is such a large proportion of unmanaged woods in the 
county. The small private landowner may have no incentive to 
manage his woods for commerical purposes or indeed the resources 
to do so. This is discussed more fully in Chapter 8 .
3 . 6  Production
Table 12 gives the yields and production for the main arable crops 
for the 1978 harvest. Figures for England and Wales are also 
shown for comparison, along with data for the counties with the 
best yields. All the yields, except for kale and cabbage, are 
lower than the average for England and Wales as a whole. All the 
yields for Surrey are considerably less than those of the 'best* 
counties for this particular year. This is a reflection of the 
soils in Surrey and that nearly all the land is Grade 3 and 4. 
The low yields may also be the result of the structure of 
agriculture in Surrey, i.e., a large number of small farms managed 
on a part-time basis.
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4 Agriculture and Planning
Like forestry, agriculture does not corae under direct planning 
control. However, the County Council has laid out several 
policies in the Surrey Structure Plan related to agriculture 
(Surrey County Council, 1980).
The County Council recognises the importance of agriculture in the 
national context, as described in the Government White Paper ’Food 
from our Own Resources’ (M.A.F.F., 1975) and in the regional
context as a major part of the Metropolitan Green Belt. The 
policies set out by the County Council can be summarised as 
follows.
The Local Planning Authorities intend to;
1 Resist the loss of agricultural land.
2 Prevent adjacent land uses impairing the efficiency or 
productivity of agricultural units. The development of uses 
not directly connected with food production will not be 
encouraged.
3 Prevent the fragmentation of agricultural holdings.
4 Ensure that the design and location of farm buildings are 
compatible with the rural environment.
5 Limit the impact of recreational use of the countryside on 
the efficiency of agriculture on agricultural land in the 
following areas. (Illustrated in Figure 4).
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FIGURE 4 AGRICULTURAL AREAS IN SURREY
A to D MAJOR AGRICULTURAL 
AREAS
(Areas A to D]
BERKSHIRE
LONDON
HANTS.
WEST SUSSEX
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Area A : The Weald Clay south of the Downs. This is the most
extensive agricultural area in the county with livestock
farming predominating. Recreational schemes will not be 
permitted.
Area B : The chalk of the North Downs, the Greensand and
sandstones of south-west Surrey. Extensive grazing and 
mixed farming is interspersed with woodland. Existing 
farmland will be protected and dual use schemes will be 
allowed where they can be reconciled with agricultural 
and environmental interests.
Area C: The Bagshot Beds of north-west Surrey. Dairying is of
some significance and the horticultural and hardy nursery 
stock industry is very important. Agricultural land will 
be protected and access for recreational purposes will 
not normally be permitted.
Area D: The London Clay north of the Downs and the sands and
gravels of the Thames Valley. In this area there is 
mixed farming on the clays and horticulture on the 
sands and gravels. Agricultural land will be protected 
and the use of farmland for urban related amenity 
purposes will not be permitted.
These areas cover all the Grade 3 land in Surrey. The overall aim
of the County Council is to protect the best agricultural land in 
Surrey. However, there is one aspect of agriculture that the
local planning authority cannot control: The use to which the
farmer puts his agricultural land can be changed at his will.
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Therefore non-productive activities can be introduced, e.g., using 
grassland for horses. 'Horsiculture' has become very extensive in 
Surrey over recent years. Coleman (1979) has estimated there are 
8,094 ha of grassland used for horses in Surrey, 12% of the 
agricultural area. Although the land is still defined as 
'agriculture' the use is, in effect, recreational.
5 Farming in the Urban Fringe
The basic problem of farming in Surrey is fragmentation of 
agricultural units by non-agricultural land, e.g., commons, heaths 
and urban development, particularly in the north-west of the 
county. Table 13 gives the net transfer of agricultural land to 
urban development for Surrey since the War. Except 1960-1965, in 
all the periods since the War agricultural land has been greater 
than the average for England as a whole. However, the rate of 
loss seems to be decreasing suggesting that the Green Belt 
policies are having some effect in restricting urban sprawl.
The highest proportion of the larger farms is in the central 
arable belt, especially around Guildford, Reigate and the eastern 
border with Kent, some resulting from amalgamation (Surrey County 
Council, 1975). M.A.F.F. considers that encouragement of better 
structured farms .(which may be larger ones) is a possible future 
development but there is a counteracting pressure from people in 
non-agricultural employment for small units, especially for the 
'house-paddock' for commuters. The number of workers in
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TABLE 13 REGIONAL TRANSFERS OF AGRICULTURAL LAND TO URBAN 
DEVELOPMENT 1945-1967
1945-50 1950-55 1955-60 1960-65 1962-67
ha % ha %______ ha % ha %______ ha %
Surrey 517 0.27 403 0.21 328 0.17 176 0.09- 230 0.14
England 16305 0.13 14115 0.11 11340 0.09 13923 0.11 14683 0.11
The hectares recorded are the annual averages for the stated 5 
year records. The % figures are these losses expressed as a 
proportion of the total county area.
SOURCE: BEST AND CHAMPION (1970)
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agriculture has almost halved since 1963 - illustrating the
general trend towards mechanisation, but also encouraged by the 
increasing amount of part-time holdings run by "part-time" farmers 
with urban employment as their major livelihood (Surrey County 
Council, 1973).
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CHAPTER FOUR 
REQUIREMENTS OF FORESTRY OPERATIONS
1 Introduction
The long life span of trees has meant that foresters have 
concerned themselves with long term objects of management and to 
ensure that these objects are met as fully as possible, the 
management of woodlands is planned for many years ahead. For this 
reason the decisions made at the start of a new planting programme 
should have due regard for the characteristics of the site in
order to fulfil the aims of management in the future. In other 
words, the species grown and the methods of silviculture adopted 
must fully suit all pecularities of site; only then can full 
growth be secured.
The aims of this chapter are to look at the factors affecting 
timber production in general, and to discuss them in relation to 
the peculiarities of Surrey, i.e. to identify the limiting factors 
to timber production in Surrey.
2 Factors Affecting the Productivity of Trees
The prospects of obtaining good tree growth are governed by
climate and soil, the silvicultural techniques devised by
foresters, the genetical and physiological characteristics of the 
trees being grown and the damage done by diseases, insects and 
animals which attack the trees. These factors are outlined in
Figure 1 and now examined in detail.
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FIGURE 1 ENVIRONMENTAL FACTORS AFFECTING THE PRODUCTIVITY OF 
TREES
A Climate and Growing Season
1 The sites and their location.
- Western mountains, dry and moist uplands, lowlands.
2 Upland and lowland climates.
- Accumulated temp, and frost, potential water deficit, 
exposure to wind.
3 Period favouring tree growth
- Duration and predicitability.
B Soil and Vegetation
1 Characters of soils.
- Depth, physical structure, water, nutrients, microbial 
activity.
2 Types of soils.
- Brown earth, podsols, gleys, peats.
3 Vegetation.
- Woody weeds, grasses, rushes, herbs.
C Biotic and Other Factors
1 Damage by wind, frost and drought.
2 Diseases.
3 Insect attack.
4 Damage by animals.
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Figure 1 (cont'd)
D Silviculture
1 Methods of regeneration.
- Ground preparation, planting stock, spacing, weed 
control and nutrition.
2 Methods of tending.
- Thinning, pruning, nutrition and felling.
3 Protection.
- From wind, frost, drought, disease, insects, animals.
4 Silvicultural systems.
- Pure and mixed stands, even and uneven aged.
- 97 -
3 Climate and Growing Season
The choice of species is determined in the first place by climate 
and soil. As Britain has an oceanic climate we should expect it 
to have had indigenous coniferous forests not unlike those of 
British Columbia. The fact that the national forests were mainly 
composed of broadleaved trees is due to the chance of survival. 
Before the quaternary ice-age large conifers inhabited Britain but 
trees did not survive the glacial period and when the ice 
retreated Britain was colonised by species of tree nearly all of 
which are indigenous as far east as central Russia and appear to 
be better adapted to a continental than to an oceanic climate.
Even the small climatic differences between western and eastern 
England are sufficient to exert an influence on tree distribution 
and the fast growing conifers reach fctr larger sizes in the west 
than in the east. Districts with high rainfall and a humid 
atmosphere have proved especially suitable for growing the 
American we-st coast conifers and Japanese larch and for this 
reason these species have been planted more extensively in the 
west whilst hardwoods are predominantly in the east.
The rainfall in Surrey is relatively low (Chapter 1) and the 
county is subject to continental influences. This situation is 
reflected in the species composition of the woodlands in Surrey 
(Chapter 2, Table 8 ). Of the conifers, Scots pine, Corsican pine 
and Norway spruce dominate, and these species are all native to 
Europe. Sitka spruce, the most successful American west coast
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species used in Britain,, is almost absent from Surrey. Douglas 
fir, native to British Columbia and California has been planted in 
Surrey but the stands are mainly in the lower Yield Classes, as 
the tables in the Appendix to Chapter 2 illustrate.
Next to rainfall and the relative humidity of the atmosphere the 
climatic factor which most influences tree distribution is 
temperature. Winter cold may kill trees outright and summer 
warmth influences the rate of growth and consequently may limit 
the profitable cultivation of trees. Sweet chestnut and Corsican 
pine, both of which come from the Mediterranean region, are useful 
species in the south of Britain, including Surrey, but are seldom 
successful in the north. English oak and beech are native to 
southern England and it is therefore not surprising they are the 
main deciduous species in Surrey.
The relatively high temperatures and absence of strong winds in 
Surrey allows good growth rates to be obtained which is indicated 
by the Yield Classes for the woods in Surrey (Chapter 2). 
However, there is one aspect of Surrey’s climate which may limit 
further afforestation. As discussed in Chapter 1 Surrey is prone 
to droughts and C.A.S. (1980) suggest that further afforestation 
in south-east England may be constrained by a large potential 
water deficit. This will not, however, affect the use of existing 
woods for timber production and the choice of the most 
drought-resistant species in areas of high water deficit will help 
alleviate the problem, e.g., Scots pine.
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^ Soil and Vegetation
Although the type of: forest which is natural to an area is
generally determined by climate, the distribution of species 
within each type and the vigour of the trees are controlled by 
edaphic, or soil, factors. In Chapter 2 (Section 3.3), it was 
suggested that the distribution of woods in Surrey is related to 
the major soil types. In selecting species for cultivation it is 
therefore important to choose those which are adapted not only to 
the climate but to the particular soils on which they are planted.
The best forest soils are the deep Brown Earths, formed from many 
geological formations, and they are largely a product of forest 
growth. In Surrey they are found on the Weald, London and Gault 
Clays, but are not particularly fertile. The Brown Earths of the 
Plateau deposits are the most fertile in Surrey. The continuous 
tree cover, e.g., on some areas of the Weald Clay, has prevented 
erosion and the growth and subsequent death of tree roots have 
left passages which allow air to circulate to considerable depths.
On fertile Brown Earths, the forester has the widest range in 
choice of species. Any deviation from this optimum type of soil 
reduces the number of species which can be cultivated. On 
infertile sands such as the Bagshot Beds in Surrey, cultivation 
may be limited to /Scots and Corsican pine and birch, and on badly 
podsolized sands economic forestry may be impossible. On these 
soils ploughing is required to destroy the surface matt of
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ericeous vegetation and mix the markedly stratified soil horizons, 
so providing better rooting requirements (Matthews, 1975). The 
heavy waterlogged clays often found on the Weald and London Clay 
are less amenable to treatment than dry sands but, if they can be 
drained, yield crops of oak and poplar. Without adequate drainage 
the root systems of most species are severely restricted and early 
windthrow may be expected. An attribute of the calcareous soils 
on the chalk, discussed in Chapter 1, is their shallowness and 
this makes them particularly difficult to plant and the trees are 
subject to drought. In these circumstances beech may be the only 
species suitable for forestry.
It is often argued that when the choice of species is being made, 
consideration should be given to the natural vegetation of the 
area. The argument is that a native species of the climax 
vegetation would be adapted to the site and a good growth rate 
would be obtained. Considering the natural vegetation types 
outlined in Chapter 1 this would indicate the use of oak on the 
Weald and London Clay, beech on the Chalk Downs and Scots pine on 
the Greensand and Bagshot Beds. However, this argument may not 
always hold true. There may be equally well adapted exotic 
species which have not had the chance to colonise the area, as 
indicated in Section 3 of this chapter. The use of Western 
hemlock, which gives high yields in Surrey "to the F.C., 
illustrates this point.
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Table 1 outlines the conditions justifying selection for various 
species and also the unfavourable conditions for growth. By 
comparing the requirements of each species with the 
characteristics of soil and climate in Surrey it is possible to 
draw up a list of species which are suitable for each site type. 
These are given in Table 2.
It is on the infertile sandy soils, both the Bagshot Beds and 
Lower Greensand, that the choice of species is most restrictive. 
As indicated earlier, it is on the moist fertile soils - the 
Plateau Drift - where the choice is greatest.
5 SILVICULTURE
5* ^  Choice of Species
There are generally a number of species which will grow on any 
given site, without undue risk of disease or ill-health, as 
indicated in Table 2, and the logical choice in commercial 
forestry is the species expected to earn the highest profit. 
Several assumptions have to be made before the profitability of 
various possible choices can be calculated. These include the 
future rate and pattern of growth, crop treatments and their 
costs, the effect of the crop on the site and the future price per 
unit volume for different sizes of tree.
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TABLE 1 SPECIES REQUIREMENTS - CONIFERS
UNFAVOURABLE OR
CONDITIONS JUSTIFYING SELECTION UNSUITABLE CONDITIONS
Scots pine
Succeeds over a wide range of conditions. Avoid high elevations
The easiest and often the only tree to plant smoky locations and
on dry heather and billberry sites. Very soft ground where
frost hardy. Thrives on light, sandy soils there is appreciable
and at low or moderate elevations. Does exposure. Unsuitable
well in low rainfall areas on the eastern for chalk or
half of Britain. limestones.
Corsican pine
Low elevations, near sea and light sandy Avoid high elevations
soils in south-east England. Low rainfall and soft soils in
areas. More successful in chalk than Scots exposed situations,
pine. Avoid shallow lime­
stone soils.
Norway spruce
Moist grassy areas and shallow peats Apt to fail on
derived from grass or rushes are most heather land and does
suitable. Succeeds on old woodland sites poorly on dry sites,
and most soils of moderate fertility. particularly on the
eastern side of 
Britain. "Dislikes” 
smoke, fumes and 
frost hollows.
- 103 -
TABLE 1 CONIFERS (CONTINUED)
CONDITIONS JUSTIFYING SELECTION 
Sitka spruce
Damp sites generally. Withstands 
esposure to wind, smoke and fumes 
Thrives on most peats and high 
rainfall areas.
UNFAVOURABLE OR 
UNSUITABLE CONDITIONS
Avoid frost or very dry 
dry sites. Unsuitable 
for use in former scrub 
or coppice areas owing 
to damage by Honey 
Fungus.
Avoid damp, ill-drained 
or very dry sites, 
frosty places, shallow 
soils over chalk, poor 
sands, peaty soils, 
leached soils, exposed 
sites and areas carrying 
a dense growth of grass 
on heather.
Japanese and Hybrid larch
Thrives over a wide range of conditions Avoid dry sites and 
in the high rainfall districts.
Suitable for hilly country, including 
grassy and heathery slopes. Of great 
value on coppice areas, as it quickly 
outgrows and suppresses coppice 
shoots.
European larch
Very exacting as to site. Does best 
on moist, but well drained loams in 
open but not exposed conditions. 
Bracken covered slopes are frequently 
suitable.
areas where the annual 
rainfall is less than 
750 mm; also ill-drained 
sites and frost hollows 
and very exposed 
situations. On very
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TABLE 1 CONIFERS (CONTINUED)
CONDITIONS JUSTIFYING SELECTION
Japanese and Hybrid larch (cont'd)
Douglas fir
Likes a firm well-aerated soil of 
good depth and of a sandy rather 
than a clayey texture. Often does 
well on bouldery or rocky ground.
UNFAVOURABLE OR 
UNSUITABLE CONDITIONS
fertile sites windsway 
and 'corkscrew* like 
growth may occur, owing 
to too rapid growth.
Definitely unsuitable 
for exposed situations, 
heather ground, wet 
soils. Very prone to 
windblow on damp and 
soft soils.
Western hemlock
Unsuitable for dry sandy 
soils.
Grows rapidly on moderately fertile 
soils but will establish itself slowly 
on poor exposed moorland sites.
Excellent for underplanting and useful 
for beating up other conifers. Thrives 
best when somewhat sheltered.
Lodgepole pine
A substitute for Scots pine on wet sites Not worth planting on 
in north-west Scotland. the better soils.
Usually crippled by 
Tortrix in the south and 
east of England.
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TABLE 1 SPECIES REQUIREMENTS - BROADLEAVES
CONDITIONS JUSTIFYING SELECTION 
Oak
Well-aerated, deep, fertile sands and 
loams in lowlands. Deep, rich, loam 
overlying chalk.
Beech
Chalk and limestone soils. Good loams 
of all types, if well drained’.
Ash
A most exacting species which demands 
good soil conditions. Deep calcareous 
loams, moist, but well drained and 
sheltered sites. Thrives on chalk and 
limestone, but only where soil and 
shelter are favourable.
UNFAVOURABLE OR 
UNSUITABLE CONDITIONS
Avoid shallow, ill- 
drained or infertile 
soils, frost hollows and 
exposed areas.
(Inferior oak is of 
little value).
Avoid frost hollows, 
ill-drained sites and 
leached soils.
Not a suitable species 
for large scale planting 
or use on open ground. 
Avoid dry or shallow 
soils, grassland, heath- 
land, ill-drained 
ground, clays.
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TABLE 1 SPECIES REQUIREMENTS - BROADLEAVES
CONDITIONS JUSTIFYING SELECTION 
Birch
Not worth planting for its own sake. 
Useful as a nurse for frost-tender 
conifers or beech. 'Prefers* light 
soils in the drier parts of the 
country.
Sweet Chestnut
Needs a deep fertile soil and may be 
very profitable as coppice, but should
UNFAVOURABLE OR 
UNSUITABLE CONDITIONS
Should not be used on 
any site where it is not 
wanted either for 
shelter, soil 
improvement, or beauty. 
Difficult to establish 
on open ground with no 
previous tree crop.
Unsuitable for the less 
fertile soils and frosty
not be grown for timber unless there is or exposed sites,
local evidence that big trees remain 
free from shake.
Sycamore
Requires the same favourable soil 
conditions as ash, but is more frost- 
hardy .
ill-drained ground or 
heavy clay.
As for Ash.
SOURCE: F.C. (1978)
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TABLE
SITE TYPE 
Weald Clay
London Clay
High Weald
Bagshot Beds 
Lower Greensand 
Chalk
Plateau Drift
SITE TYPES AND SPECIES SUITABILITY
SPECIES
Norway spruce, Sitka spruce, Western 
hemlock, Oak.
Norway spruce, Sitka spruce, Western 
Hemlock, Oak.
Scots pine, Jap/Hybrid larch, Douglas fir, 
Birch.
Scots pine, Corsican pine, Birch.
Scots pine, Corsican pine, Birch.
Japanese larch, Western hemlock, Corsican 
pine, Beech, Ash, Sycamore.
Norway spruce, Sitka spruce, Jap/Hybrid 
larch, Western hemlock, Sweet Chestnut, 
Beech, Ash, Sycamore, Oak.
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Volume Production and Revenue
The most important variable is the mean annual increment, i.e., 
the Yield Class, because modern wood using techniques are tending 
to obscure specific or quality differences, particularly between 
coniferous species, so reducing price differentials (Johnston, 
Grayson and Bradley, 1967). But even with the same price 
assumptions different species bearing the same Yield Class are 
liable to produce different discounted revenues owing to their 
different patterns of growth.
By analysing the distribution of Yield Classes in the F.C. stands 
given in Chapter 2, it will be possible to identify the species 
which will obtain the greatest mean annual increment. A summary 
of the main F.C. species and their Yield Classes is given in 
Table 3.
It is impossible to predict the species which should be chosen for 
each individual site, due to local variations in soil. 
Nevertheless, Table 3 helps make the choice between various 
species for the purposes of forest planning and production 
forecasting, e.g., on the London Clay the species suitable are 
Norway spruce, Sitka spruce, Western hemlock and oak. The logical 
choice would be Western hemlock with a mean annual increment of 
approximately 18 to 20 M^/ha/year. Indeed, on the grounds of 
profitability it is difficult to justify the selection of 
broadleaved species.
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TABLE 3 DISTRIBUTION OF F.C. STANDS BY YIELD CLASS
(hectares)
CONIFERS BROADLEAVES
Spp. Scots Cors. Norway W. D. Jap. Euro. Oak Beech Ash Bir<
YC pine pine spruce hem­
lock
fir larch larch
4 - - - - - - - 119 26 - 7
6 1 - - - - 3 7 25 64 4 4
8 26 6 7 - - 6 13 1 0 18 9 -
1 0 89 9 30 - 31 9 7 - 2 - -
12 136 58 47 1 103 12 5 - - -
14 34 109 51 9 28 9 - - - - -
16 1 95 61 2 1 - - - - - -
18 - 19 22 137 6 - - - - - -
2 0 - 4 21 53 - - - - - • - -
2 2 - - 2 7 - - - - - - -
24 - - - 11 - - - - - - -
YC: Yield Class
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Costs
Costs vary considerably but much of the variation depends upon the 
physical conditions of the site and it is relatively independent 
of the species chosen. However, there will be a very considerable 
difference in costs between two species if one can be obtained by 
natural regeneration while the other has to be planted, e.g., on 
the Bagshot Beds one may expect a slightly higher yield for 
Corsican pine than Scots pine, but the choice may be difficult. 
If, however, Scots pine is regenerating naturally, which it often 
does on the Bagshot heaths, then it may be more appropriate for a 
given site.
Some species cost more to raise in the nursery and require more 
cultural work, e.g., Western hemlock must be sheltered for the 
whole of its first year as a seedling (Hiley, 1954). It is, 
therefore, more costly to establish than, say, Scots pine.
Other Factors
If there are two or more species of apparently comparable 
profitability it may be preferable to choose the one which appears 
to be the least at biological or commercial risk. A general 
purpose timber with a wide range of uses is likely to be a safer 
choice than one depending upon a relatively specialised market, 
e.g., Scots pine is a good general utility timber for
constructional work, building, fencing and flooring and there is 
always a demand for good quality oak.
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5.2 Methods of Regeneration and Establishment Operations
5.2.1 Planting
Planting is almost always preferred to natural regeneration. The 
chief objections to natural regeneration are that although 
establishment costs may be lower, the regeneration period is often 
longer and the rotation is lengthened by that amount. The system 
is limited to more shade-bearing species and, furthermore, natural 
regeneration cannot always be guaranteed and very often has to be 
supplemented by planting.
5.2.2 Ground Preparation
Theoretically, no cultural work should be done unless the results 
are going to be sufficient to justify the investment.
Ploughing influences growth either by improving the structure 
aeration, permeability and drainage of the soil or by supressing 
competing vegetation. Ploughing would certainly be required on 
the heavy Weald Clay, and also on the fertile Plateau Deposit 
sites, to supress competing vegetation.
5.2.3 Clearing Existing Vegetation
There are two reasons why it may be necessary to clear the 
planting site; firstly, cleared ground is much easier to work, 
without the physical obstacles of brauchwood ad undergrowth and, 
secondly, the likelihood of insect or fungal attack is lessened by
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the removal of branchwood and the treatment af stumps, which can 
act as breeding grounds for these pests.
The removal of existing vegetation is particularly relevant to 
Surrey as there are areas of unmanaged woodland, coppice and scrub 
which will be suitable for timber production. When clearing these 
areas for replanting with a high forest crop it is difficult to 
decide whether it is more economical to clear strips through an 
existing crop, to remove it in a series of thinnings or to remove 
it completely before planting. The important factors are the cost 
of cutting and burning the existing crop, the effect of the 
existing crop on the growth of the new crop and the possibility of 
selling all or part of the existing crop (F.C., 1978). If a
market can be found the existing crop should be felled as the 
revenue will help offset the cost of establishment. However, if 
the wood is over mature and composed of many species, as many of 
them are in Surrey, then the timber merchant may not be 
interested, especially if the lot is small. Moreover, as 
Lorrain-Smith (1967) points out, dense regrowth is common in the 
southern half of Britain, especially after clearance of old 
coppice areas. In addition, old woodland will probably contain 
the stumps of felled trees making forestry operations difficult. 
In these circumstances it may be worthwhile continuing the coppice 
system because, although the expected revenue may be lower, the 
net revenue may be much higher as the cost of retaining the 
coppice would be very low and the cost of converting it to any 
other system extremely high.
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The use of thinning and underplanting of the existing woods is 
attractive for a number of reasons. Less labour and only normal 
supervision are required during preparation once a start has been 
made. Other advantages include relative shelter from frost and 
reduced weed growth. A small number of plants is normally 
required and the maintenance of woodland habitat is assured. 
However, only shade-bearing species can be used.
The decision will depend on the characteristics of the particular 
site.
5.2.4 Draining, Fertilizing and Weeding
These operations are considered together as their effects are 
difficult to estimate in quantitative terms and there are usually 
interactions between them.
Draining On impeded soils such as the Weald Clay and London
Clay, drains perform two functions. They collect and disperse 
run-off water and they also keep open the soil fissures caused by 
the shrinkage in the clay when during the growing season the tree 
roots are removing water from the soil.
Fertilizing Many soils are deficient in one or more of the three 
elements phosphorous, nitrogen, and potassium and possibly trace 
elements. This is the case with the Rendzina soils of the North 
Downs where nitrogen and phosphorous and the trace elements iron 
and manganese are deficient (Chapter 1).
- 114 -
Where this occurs it is necessary to add a small quantity of the 
appropriate fertilizer to each plant at the time of planting. For 
large scale fertilizing the rate of application is around 
50-100 Kg/ha.
The exact quantity is not critical and the cost is relatively 
small while the results, on infertile soils, are often dramatic 
and can reliably be forecast in advance.
Weeding is often repeated for several years in one crop; it
can therefore be a very expensive operation. Low Yield Class 
crops cannot be grown economically on sites which require much 
weeding (Johnston, Grayson and Bradley, 1967). This is especially 
true of hardwoods which will usually only grow successfully on 
sites likely to produce a vigorous weed growth. This lends 
further weight to the argument that hardwoods will not be a viable 
proposition for the reafforestation of Surrey's unproductive 
woodlands.
5.2.5 Spacing
The woodland owner or manager's most important decision in the 
regeneration of a wood, is the spacing of the transplants.
Close spacing encourages fine branching which leads to trees of 
better form, but early thinnings are of smaller material and of
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less value. On the other hand wide spacing, although cheaper, 
because fewer plants are used, may necessitate more weeding and 
beating up, and pruning becomes increasingly necessary the wider 
the spacing. The chief problems of spacing, therefore, are those 
connected with the maintenance of the crop. By increasing the 
spacing fewer plants per hectare are used which saves labour and 
plants. However, the plantations might take longer to suppress 
the competing vegetation and extra weeding may be required 
(Lorrain-Smith, 1967).
The decision on spacing will depend on a number of factors: the 
availability of the owners capital, the ease with which he can 
obtain labour, the fertility of the site and the quality of the 
timber desired at final felling, and it is therefore difficult to 
generalise.
It has been suggested (Stern, 1973), that very wide spacing and 
short rotations with a minimum of maintenance, pruning and 
thinning might be worthwhile on sites of low fertility capable of 
supporting only low growth rates. Indeed, the spacing which 
creates a crop requiring little maintenance may be favoured in 
Surrey as many of the woods will be on small estates and labour 
difficult to maintain at a constant level for long periods.
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5.3 Methods of Tending: Crop Treatment
After a crop has been established there are several ways, apart 
from thinning, in which profitability may be improved either by 
increasing volume or by improving quality.
Treatment to Increase Volume Production
1 Fertilizing
There is ample evidence (F.C., 1978) that fertilizing at the time 
of planting is often well justified from an economic point of 
view. There is less evidence for the economic justification of 
fertilizing older crops. The crops most likely to benefit from 
fertilizing are those growing on soils which have moderately good 
physical characteristics but a relatively low level of chemical 
fertility (Johnstone, Grayson and Bradley, 1967). Phosphorous is 
usually the most deficient mineral and, to a lesser extent, 
potassium. Trees may not actually die when planted on such sites; 
they can go on living but make very little growth for many years. 
A crop of this type is said to be 'in check'.
In Surrey, fertilizing may be required on the chalk, sands and the 
Weald Clay. However, drainage will be required on the heavy clays 
before the trees will respond to fertilizers. The most important 
nutritional features of chalk soils in Surrey are related to their 
high lime content. Chlorotic symptoms sometimes resulting in 
death of trees have frequently been observed in calcium rich
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soils, more especially amongst conifers (Wood and Nimmo, 1962). 
Such troubles are grouped under the broad term ’lime-induced 
chlorosis’ and generally attributed to the failure to take up, or 
make use of, certain minor elements in the presence of excess free 
lime. Plantations on the North Downs may have to be fertilized 
with the minor elements, which will increase establishment costs.
The cost of fertilizing is balanced against the increase in
discounted revenue resulting from shortening the rotation.
2 Cleaning/Weeding
Cleaning can be defined as the removal of ’woody weeds' such as 
bramble, gorse and young coppice regrowth. The effect of cleaning 
is thus to concentrate the growth potential of the site on the 
more valuable species in the crop.
The need for, intensity and time of cleaning should be given
careful thought and these vary according to site, the species and 
condition of the planted trees and the weeds involved. There is a 
tendency for cleaning to be done too soon. Some less vigorous
woody growth is often suppressed by the growing trees while 
vigorous coppice may require cutting a second time if it is 
removed prematurely (Johnston, Grayson and Bradley, 1967). 
Furthermore, if the same amount of cleaning is done in two
separate operations instead of one, the total cost is almost 
certain to be increased.
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As Wood and Nimmo (1962) point out, a special feature of Chalk 
Downland plantations is the serious grass competition which is 
certain to be of some significance however careful the initial 
cultivation. Weeding of grasses is necessary to prevent actual 
overlaying and suppression.
Treatment to Improve Quality
1 Brashing
Brashing is a forest operation normally carried out prior to 
thinning. It consists of the removal of the lower branches of the 
tree to the height of about 2 metres. The objects are to provide 
access for marking and thinning and frequently to reduce the risk 
of fire. A result, but not necessarily an object of brashing, is 
to reduce subsequent harvesting costs.
Brashing is expensive and extremely labour intensive and because 
it is done relatively early in the rotation its contribution to 
the discounted expenditure is high. If the woodland owner has 
only a small estate or farm and wants to reduce maintenance and 
labour requirements, which may be the case in Surrey, then woods 
may be left un-brashed. Marking trees is then very difficult, but 
line thinning can be used which requires no marking. There 
appears to be no serious disadvantage in removing every third row 
at the time of the first thinning. Total volume is unaffected and 
the choice of final crop trees is not unduly restricted 
(l'.C., 1 976). The disadvantage of the method is that part of the
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saving in the cost is transferred to the subsequent harvesting 
costs.
2 Pruning
Pruning is the removal of branches above 2 metres. Whereas 
brashing normally refers to an operation carried out on conifers, 
pruning refers equally or more so to broadleaves. Pruning is 
directed at the production of knot-free timber and the operation 
is planned to be done where rotation length and eventual timber 
value make this worthwhile.
The increased revenues resulting from pruning come from the larger 
proportions of the higher grades or sawnwood, assuming there is a 
price differential between grades. In the most recent publication 
on British timber prices (Hart, 1979), it is clear that there is a 
considerable difference between the price of high quality sawlogs 
and veneer and other sawlogs. Moreover, supply is much less than 
the demand for high quality sawn timber at present.
The species most worth pruning are those which have a high growth 
rate and good, inherent qualities apart from the size and 
distribution of the lower branches which produce live or dead 
knots in the timber. Scots pine, which is well suited to the 
infertile Bagshot and Greensand areas in Surrey, is not 
particularly fast growing but yields a high quality timber 
provided it is free from dead knots and for this reason is worth 
pruni ng.
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3 Thinning
Thinning is a form of crop treatment which can have an important 
effect on the economics of forestry. It can be defined as the 
removal of a proportion of immature trees from a wood to improve 
growth and form of the remainder.
As a general rule, the most profitable way to thin a crop is to 
remove as much volume as possible in the form of thinnings, 
without any appreciable reduction in total volume production 
(F.C., 1978). Quite a large proportion of the total production, 
something like 50-60% by volume, or 80-90% by number of trees, can 
be removed as thinnings without reducing total volume production. 
Under British conditions the average safe limit for most species 
seems to be the removal of less than 40% of the growing stock in 
early life and less than 30% in later life, although the 
proportions vary considerably with site and crop type (Johnston, 
Grayson and Bradley, 1967).
At each thinning the manager is faced with the problem of 
selecting which trees to remove or retain. The problem is 
qualitative; which type of trees, and quantitative; how many trees 
to remove.
Qualitative
The most commonly used method of thinning in Britain is low or 
stem thinning, particularly in the private sector (Hiley, 1954).
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Under this system trees are removed predominantly from the lower 
canopy, i.e. sub-dominant and suppressed trees. Crown thinning is 
based on the concept of favouring a few dominants which are given 
sufficient room to encourage rapid growth. However, trees of the 
upper canopy tend to be more efficient producers so that, in 
general, predominantly low thinning is preferred. This is not to 
say that the removal of upper canopy trees is undesirable. On the 
contrary, some thinnings in the upper canopy are usually 
inevitable in order to release the better dominants, which will 
form the ultimate main crop of a stand.
Quantitative
A 'light* thinning means that only a small proportion of the trees 
are removed and, consequently, the stand contains a high number of 
stems per hectare which tend to be relatively small in diameter, 
narrow crowned and finely branched. The trees grow slowly with
close annual rings and a comparatively low cubic content.
In a 'heavy* thinning a much higher proportion of trees are 
removed. This leads to stands with fewer stems per hectare and 
encourages the development of thicker stems, vigorous crowns with 
heavier branches. The branches of widely spaced trees live longer 
and grow somewhat thicker than where the trees are close together 
and therefore the timber may become more knotty unless the trees 
are pruned. Growth is more rapid, with wider annual rings and a 
higher cubic content per tree.
-  122 -
Over a wide range of thinning intensities the total production 
remains unaffected (F.C., 1976). But as intensity increases, the 
situation ultimately arises where the main crop cannot respond 
sufficiently to make full use of the growing space created by the 
thinnings, and the result is a loss in total volume production. 
The maximum intensity which can be maintained without loss of 
volume production is termed the marginal thinning intensity.
In normal circumstances the value per unit of volume increases as 
the mean diameter increases. In addition, greater thinning yields 
per ha tend to produce greater revenues per unit volume. Taken 
together, these factors tend to make higher thinning intensities 
more profitable, but a maximum occurs where these gains are offset 
by loss of revenue resulting from losses of total volume 
production.
In Surrey the majority of woodlands are in private ownership. It 
is often suggested that private owners, who particularly want 
quick returns and a high rate of interest on their money, should 
employ heaving thinnings and short rotations.
5.4 Harvesting/Felling
In general, harvesting operations are easier and cheaper when 
trees are large and there is plenty of space to move. This lends 
further weight to the argument Cor a heavy thinning regime. The 
felling decision is made up of two components; when to fell and 
what to fell. The latter is concerned with the question of clear
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felling or selective felling and will be discussed under the 
section on silvicultural systems.
When To Fell: The Rotation
A rotation may be defined as the planned number of years between 
the formation or regeneration of a crop and its final felling.
The two main external factors which exert an influence on rotation 
length are growth rate (which in turn depends on site and species) 
and the market conditions (e.g., the demand for large and small 
logs). A more variable influence is the owner’s policy for
non-market benefits such as amenity. Large trees may be 
considered to have greater aesthetic value than small trees and 
there may be pressure to retain trees with an attractive
appearance although the financial gain might be greater Lf they 
were felled at once. This is discussed more fully in Chapter 9.
There are six main ways of determining the length of the rotation, 
each of which have been developed under varying conditions to
serve different objectives (Lorrain-Smith, 1967).
1 Physical Rotation: The trees are grown until they die of
old age. The only situation in which this rotation may be 
useful is in protection forest where timber yield is 
undesirable or impossible due to ground and climatic 
condi tions.
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2 Silvicultural Rotation: The trees are grown until their
natural vigour abates or until conditions are reached when 
regeneration is most easily accomplished.. This rotation has 
also little relevance to commercial forestry.
3 Technical Rotation: The trees are grown to supply a
specific market, the crop being felled when it reaches a 
marketable or a specified size. This is probably the most 
common type of rotation in private forestry in Britain.
4 Rotation of Highest Net Annual Income: The forest is
managed to yield ultimately the highest net annual income 
per hectare, regardless of the time taken to achieve this 
state or the capital involved.
5 Rotation of the Maximum Mean Annual Volume Increment: The
forest is managed to yield the highest volume of timber per 
hectare. The rotation is unsatisfactory for 2 reasons:
a No allowance is made for differences in the unit value of 
timbers of varying sizes; 
b As in 4, inputs are ignored.
6 Financial Rotation: This is the rotation which is most
profitable, i.e., it gives the highest return on the capital 
inves ted.
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Only the technical and financial rotations are used in 
private forestry.
The technical rotation can be justified in that as the chief 
object of commercial forestry is to sell timber, the rotation 
should be adopted which on trees reach a marketable size most 
quickly. The advantage of this rotation is that it is 
straightforward to manage as it involves no detailed financial 
calculations. Moreover, as Helliwell (1979) points out, the 
technical rotation can take advantage of opportunity and fell at a 
time when a particularly high price can be obtained for the 
product.
The disadvantage of the technical rotation, however, is that it 
allows no check on the efficiencies of the use of capital and 
land. There are two ways that the financial rotation may be of 
value to the forest manager;
a in determining, for planning purposes, the return on the
capital invested and the rotation at which this is 
maximised;
b in determining, at any stage during the plantation’s life,
the relative advantages to be gained from felling the crop 
or retaining it for a further period.
The financial rotation is the rotation at which the financial 
yield or the Soil Expectation Value, is at a maximum and it is 
possible to use the Faustmaim formula to calculate the length of
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the rotation using either of these two measures. (Formula given 
in Appendix to Chapter 4).
On small estates and farms, however, it is difficult to imagine 
that woodland owners will have enough time and resources to make 
these calculations, as it involves making assumptions about future 
costs and prices, and selecting an appropriate discount rate. In 
Surrey, therefore, it is possible that with the small fragmented 
nature of the woods, mostly under private ownership, the technical 
rotation would be more suitable.
5.5 Silvicultural Systems
Regular and Irregular Silviculture: The main features of these
systems are summarised in Figure 2. These features affect total
volume production, the quality of the wood and other factors of 
the forest, which are discussed below.
Age Distribution
It is sometimes claimed that an uneven (or all-aged) stand will 
achieve a greater mean annual increment than a comparable 
even-aged stand on the same site. The argument is based on the 
assumption that the foliage and roots are distributed at all 
levels above and below the ground, so the soil is exploited more
completely and a larger proportion of the light intercepted by the
leaves. However, there is no evidence whatsoever to suggest that 
the exploitation of the site is less efficient with an even-aged 
than with an uneven-aged stand. It is reasonably certain that if
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FIGURE 2 SILVICULTURAL SYSTEMS
FEATURE
Age Distribution 
Specific Composition 
Canopy
Establishment
Scale of Operations
RECULAR 
Even-Aged 
Pure 
Regular 
In the open, 
by planting
Large scale, 
concentrated
IRREGULAR
Uneven-Aged
Mixed
Irregular
Under cover, by
natural
regeneration
Small scale,
scattered
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there are any differences in volume production they are small 
(Johnston, Grayson and Bradley, 1967).
Specific Composition
Volume Production Some foresters claim that mixtures are capable 
of greater production than pure crops because each constituent 
species makes slightly different demands upon the site. However, 
there is no conclusive evidence one way or the other.
Quality of Wood In an even-aged stand a shade-bearing species 
having a dense foliage and growing in intimate mixture with a 
spreading light demanding species will tend to reduce the 
branchiness of the latter, but possibly at the expense of the 
quality of the former. In general, the species which benefits is 
likely to have a lower volume production and there would need to 
be a high premium on quality, especially freedom from large knots, 
to justify planting a second species merely to improve stem 
quality of the more valuable species. It would normally be
preferable to plant a pure crop of the more profitable species and 
to obtain knot free timber by pruning.
Health There is little evidence that a pure species, biologically 
suited to its site, is less healthy than a mixture of species. It 
is also a very dubious argument that an epidemic will spread less 
rapidly through a mixture than through a pure crop (F.C., 1978).
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Method of Establishment
Volume production, wood quality and health
One possible cause of differences may be that clear felling 
followed by planting or natural regeneration leaves the site 
incompletely exploited for a few years at the beginning of each 
rotation; whereas the ground in an all-aged stand is never 
incompletely occupied by trees.
The principal factor relating the method of establishment to 
volume production, wood quality and health is the genetical 
quality of the young plants. Where the quality can be improved by 
using selected stock, artificial planting may be preferable to 
natural regeneration.
The Site
If a site is poorly drained clearance may result in a 
deterioration in soil drainage or aeration or may cause surface 
compaction or water-logging and there may be a risk of water 
erosion. A fertile site, if cleared of trees, may produce a dense 
herbacious or woody growth making regeneration difficult. Under 
any of these conditions there are advantages in establishing a new 
crop, either by natural regeneration or by artificial planting 
under some shelter-wood system (Johnston, Grayson and 
Bradley, 1967).
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In certain situations these conditions will arise in Surrey; 
waterlogged sites on the clay deposits of the Weald and London 
Clay and very fertile sites on the Plateau Deposits.
Management Objectives and Silvicultural Practices
Irregularity tends to complicate planning and supervision and to 
result in forest operations becoming more widely dispersed and 
this tends to increase costs. Moreover, it is the natural 
regeneration rather than the forester which determines when and 
how much of the wood shall be cut. Production forecasting and 
yield control thus become more difficult. Nevertheless, it would 
appear that natural regeneration is much cheaper than planting as 
the plants cost nothing and no labour is required. But there are 
two hidden costs; the cost of foregoing either a genetical 
improvement or a change to a more profitable species and the cost 
of waiting. Frequently natural regeneration is either sporadic 
and of inadequate stocking, has a greater age range than is 
convenient or'is too dense.
Harvesting Operations
There is an increasing economic need to mechanise forest 
operations. The silvicultural system which imposes the least 
constraint upon mechanised harvesting is clear felling and 
replanting or sometimes clear felling followed by natural 
regeneration, with large felling coupes. . Any form of shelterwood 
system reduces the volume of the final felling and hampers 
harvesting because of the presence of young regeneration.
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Surrey and the Choice of Silvicultural Systems
The choice of silvicultural system will depend on the
characteristics of the individual site and the owner's attitude 
towards forestry and it is therefore difficult to generalise for 
Surrey as a whole. Nevertheless a few observations can be made.
While it is undesirable without very strong reasons to create 
irregularity deliberately, the relative disadvantages of
irregularity are less if it has occurred naturally and requires no 
special management or silvicultural measures to maintain it. In 
Surrey this may occur where Scots pine regenerates freely, as on 
the Bagshot Beds. Shelterwood systems may also be suitable for 
re-afforestation of existing woods where the age-structure is such
that little work has to be carried out to bring the woods into
production.
However, there may be circumstances which make it desirable for 
the woodland owner to reduce irregularity, e.g., birch 
regeneration is often killed by woody weedkillers in order to 
concentrate growth on the more valuable Norway spruce and Scots 
pine (F.C., 1978). This situation will arise in Surrey on the
heathlands which were invaded by Scots pine and birch.
Small immature stands arc sometimes felled in order to increase 
the felling coupes in the future and gain the benefits of scale 
economies in maintenance and harvesting. Considering the size
!
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distribution of woods in Surrey, with many of them very small, any 
method by which the effective area of management can be increased 
is worthwhile.
6 Protection Against Biotic And Other Factors
6 .1 Winds, Frost and Drought
From Chapter 1 it is clear that strong winds are not a problem to 
forestry in Surrey. There are, however, areas which are frost 
hollows and the county is prone to drought.
Frost hollows experience very low temperatures and frosts when 
there has been a "radiation night", i.e., a night with little or 
no wind or cloud. The valleys of the main river gaps in Surrey 
have many frost hollows. The chance of tree loss is high during 
establishment and it is probably worthwhile keeping the 
transplants longer in the nursery. This will increase
establishment costs, but can be regarded as an insurance against 
heavy plant loss.
The severity of the droughts in Surrey will not normally kill 
trees, but the growth rate will be reduced. Areas which may be 
affected are the dry sandy heaths and the shallower soils of the 
chalk, especially on slopes of southern aspect. There is little 
the woodland owner can do to alleviate the problem of drought 
except choose the most suitable species for the site.
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6.2 Diseases and Insects
Diseases in woodland are best controlled by avoidance and over the 
years such control has to some extent been achieved by simply 
commonsense planting of tree species that have been found to 
thrive in preferance to those that have not (F.C., 1978).
Diseases of general importance
Honey Fungus (Armillaria mellea) attacks the roots of a wide range 
of coniferous and broadleaved trees. In their early years, 
plantation conifers are particularly liable to be killed on old 
broadleaf sites. This is relevant to Surrey in that many of the
old broadleaved woods in Surrey may be suitable for conifer
re-afforestation. Usually deaths are so scattered that
appreciable gaps are not formed, but sometimes they do occur in 
groups, in which case the gaps can be replanted with more tolerant 
trees, such as most broadleaves, Douglas fir or species of Abies 
(F.C., 1971).
Diseases of Conifers
The fungus Fomes annosus is the most serious cause of disease in 
British forests. It can attack virtually all conifer species,
usually through their roots. The larches and spruces are very
liable to butt-rot and Western hemlock is one of the most 
susceptible species of all.
The development of the disease in first rotation crops and its 
further development in the second rotation can be greatly retarded
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by the prompt treatment of freshly cut stump surfaces with a 
solution of urea. The pines are the most resistant species (F.C., 
1974a).
Diseases of Broadleaves
Dutch elm disease and beech bark disease are the most common 
diseases in broadleaves. The latter affects beech from the pole 
stage onwards and prompt felling of affected trees is required if 
the timber is to be utilised (F.C., 1974b).
Dutch elm disease is caused by the fungus Ceratocystis ulmi which 
grows in the water conducting vessels. This results in wilting 
branches and ofte.n the entire tree. The disease is spread by the 
beetle Scolytus scolytus, which breeds under the bark of diseased 
trees (F.C., 1977). There are hardly any elms in Surrey’s woods 
and the disease is not really a problem from a forestry point of 
view.
Insects: The afforestation programmes of the past 50 years or so
have been completed in Britain without major limitation by
insects (F.C., 1978). By observing the rules of good silviculture
and maintaining the crop in a sound condition, the scale of damage 
inflicted by many pests can be seriously reduced (see
Section 5.2.3).
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Generally speaking the first few years in the growth of a conifer 
crop are much more critical from the point of view of insect 
damage than in the same period in the life of a broadleaved 
stand. There is no reason to believe, however, that woods in 
Surrey are particularly susceptible to various insect pests.
6.3 Animals
The main concern of woodland owners is protection against animals 
at establishment. This takes the form of fencing against stock, 
rabbits and deer.
Much of the existing woodland is on agricultural land in Surrey 
and if commercial forestry is to be introduced in unused woods 
then, if they are not already fenced, fencing against stock must 
be added to the establishment costs. Although the rabbit 
population has declined, due to Myxomatosis, rabbit fencing may 
still be required, especially on the North Downs where rabbits are 
common (Wood and Nimmo, 1962). Deer fencing is not required in
Surrey.
7 Markets for Timber
It would be pointless having successfully produced a crop of 
timber to find that there was no market for the produce. The 
situation is discussed from the national viewpoint, along with the 
general problem of marketing timber from private estates, later in 
the thesis (Chapter 10).
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In Surrey, there are few home-grown sawmills, but there are a 
number in adjoining counties so that markets for sawlogs of both 
conifers and hardwoods are considered satisfactory (Gilbert et al, 
1975). As far as small roundwood is concerned, which comprises 
almost all F.C. production, there are major pulpmills in Kent 
which take most broadleaved species and some conifers, and a 
boardmill at Sunbury-on-Thames which accepts most conifers.
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CHAPTER FIVE
TILE POTENTIAL FOR INCREASED TIMBER PRODUCTION IN SURREY
1 Introduction
The last chapter outlined the general requirements of forestry 
operations and considered them in relation to Surrey and the 
existing woodlands. With the information provided on the various 
site types it will be possible to decide which woods are suitable 
for re-afforestation and with which species and system of 
management. However, this only makes use of physical criteria and 
a princip&j aim of this chapter is to look at the suitability of 
introducing management for timber production using economic 
criteria. This will involve looking at the Net Discounted 
Revenues for various types of management and the way Net 
Discounted Revenue varies with the size of woodland, which will be 
an important factor in Surrey.
2 Woodlands Suitable for Re-Afforestation
Considering the range of species suitable for each site type in 
Surrey (Chapter 4, Table 2), there would appear to be no area 
which could not be used for forestry.
On the acid sands - the Bagshot Beds, Upper and Lower Greensand 
and the Hastings Beds - a wide variety of conifers grow so well 
that they are an obvious choice. It is likely that an owner would 
only grow hardwoods on these soils for reasons other than timber 
production, such as sporting or amenity. Wherever possible it 
would be desirable to introduce regular high forest, in the light
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of what has been said in the previous chapter (Section 5.5). 
Scots pine would seem to be the safest species to use but Corsican 
pine is gaining popularity and the Forestry Commission has shown 
that it is also a useful species for these sandy soils.
Although Norway spruce is suitable for the clay soils in Surrey, 
and is faster growing than oak, it would be unwise to plant this 
species in pure plantations on the Weald and London Clay. 
Garthwaite (1977) points out that a wide variety of conifers were 
planted after the War on these clays, but weed and coppice 
competition, climbers and subsequently windblow, have caused 
trouble and expense out of proportion to the yields of the 
conifers on such sites in comparison with the ease of 
establishment on the sands. On the clays conifers appear to grow 
best as individual trees or very small groups amongst hardwoods, 
which make the main crop. This suggests that some form of 
shelterwood would be most suited to the clays and indeed this was 
suggested in the previous chapter when discussing silvicultural 
systems. Norway spruce and Western hemlock grow splendidly this 
way with much better growth than in pure plantations. Norway 
spruce and oak can be grown profitably in a mixture.
On the same principle beech must be regarded as the main species 
of the North Downs. Again, a variety of conifers were tried on 
the chalk on a large plantation scale in the post-war years with 
varying degrees of success and difficulty in establishment and 
once more it is as individual specimens in a matrix of beech that
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the conifers, which tolerate the chalk, appear to do best (Wood 
and Nimmo, 1962). Corsican pine, Japanese larch and Western 
hemlock grow well as individual trees, when they often fail or do 
poorly in plantations.
On the Plateau the beech may be mixed with oak and as weed growth 
is fast after clear felling and certain soils are very shallow, it 
would seem sensible to use irregular systems of management on the 
chalk and plateau deposits.
The use of irregular systems of management is well suited for the 
conversion of derelict or unmanaged woods to productive forestry 
where a continual tree cover is essential.
Area Suitable for Re-Afforestation
Having decided that all woods in Surrey are suitable for 
re-afforestation it is now possible to calculate the area suitable 
for commercial forestry giving consideration to the area already 
under timber management.
There are about 33,000 ha of woodland in Surrey of which 7,792 ha 
are managed according to approved plans of operation for timber 
production. This gives 25,327 ha which, using only physical 
considerations,‘would be suitable for timber production. As the 
F.C. and Dedicated woodland is all high-forest greater than 10 ha, 
the 25,327 ha can be broken down as follows:
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(i) Woods smaller than 10 ha : 14,450 ha
(ii) Coppice, Coppice-with-standards and
Scrub greater than 10 ha : 2,608 ha
(iii) Deciduous, Mixed and Coniferous woodland
(High Forest) : 8,269 ha
3 Woodlands Suitable for Re-Afforestation Considering
Profitability - Net Discounted Revenues 
The size distribution of the woods in Surrey may be a considerable 
constraint on their re-afforestation. It will be necessary, 
therefore, to look at the way revenues and costs vary with the 
size of the wood. Net Discounted Revenues can also be used to 
compare various management regimes which are suited to a specific 
site.
3.1 The Use of Net Discounted Revenue (N.D.R.)
The calculation of N.D.R. can be used in assessing the relative 
profitabilities of different species, afforestation methods and 
other silvicultural or management techniques which involve 
different patterns of revenue and expenditure over time. N.D.R. 
is the difference between the sums of discounted items of cash 
receipts (revenue) and cash payments (expenditure) discounted at a 
stated rate of interest over the interval between a stated year, 
usually the year of planting, and the time when each item of 
revenue accrues and each item of expenditure is Incurred.
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Revenue
The items contributing to Discounted Revenue are revenues derived 
from timber sales and from any other form of output which can be 
measured in money terms. The value of timber sold in any year is 
calculated as the product of volume sold and price received.
The calculation of net discounted revenues for forestry was 
initiated during the development of discounted cash flow 
(D.C.F.). D.C.F. grew out of the application of compound interest 
to land rent and valuation problems in the previous century. In 
the simplest case the capital value, L, of a piece of land is 
derived from the present worth of the annual rents which the owner 
expects to obtain. Each rent payment, worth R in n years time, 
when discounted at an interest rate of r, has a present value of 
R
( 1 +r)n ; the value of the land is obtained by adding the stream of
such present values in successive years to infinity;
L = R + R + _R_ + ......... +___R_
1+r (l+r) 2  (l+r)0^ '
which may be written as
L = R
n= 0 (l+r)n
This formula is applicable to land in agricultural use which 
produces a harvest every year. However, it is more complicated to 
deal with land used for forestry. Unless the forest has achieved 
the perfect state of normality like the model, the forest rent is 
bound to vary from year to year. At some times there may be no
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mature timber to cut and at others the receipts from sales may be 
very large. Similarly, costs of replanting will fluctuate. 
Therefore the land value formula must be rewritten;
Rl R2
L = R0 + +   + R
J T + r) (1+F ) 2 (1+r )n
Alternatively, the forest rent, R, can be broken down into its 
components; S (sales) and C (costs), so the formula becomes;
L = /  Sn-Cn
n= 0 (l+r)n
or . _ oo Y—
L = y  Sn - L_ Cn
n= 0 —  (l+r)n n= 0 (l+r)n
This is discounted cash flow; the land value or Net Discounted 
Revenues is simply the present worth of the receipts stream less 
the present worth of the costs stream.
Price and Size of Timber
Conventionally the calculation of Discounted Revenue is made using 
a price-size relationship which assumes different prices per tree 
or per unit volume for each tree size. The implicit assumption 
made in using a price-size relationship is that the relationship 
will hold for future periods. But trees in slow-growing crops 
will yield trees of a given size later than will fast growing 
crops and at those dates the whole level of prices may have 
changed. It would be preferable to make explicit assumptions
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about prices rather than to ignore the real world situation. If
it is thought that there will be an upward trend price through
time, a technique is to multiply prices over the whole range by a
certain factor appropriate to a given time period.
This convention, until recently, was used by the F.C. in
calculating N.D.R. on the assumption that the price of standing
timber will rise relative to the general price level. The F.C.
now assume that in the longer term average price levels for wood
will not be different in real terms from these. obtained over the
decade 1967-77 (Busby and Grayson, 1981) . Hurt tllfe i$ &-
convenient method of calculation as the effect of assuming a
regular proportional increase in price over time is equivalent to
using constant prices in combination with a lower discount rate
C s e c tio n  00. i\3COOrtt 03-te^)-
Costs
Items of expenditure incurred during a crop's life could be 
calculated in a similar way to revenue by taking factor quantities 
such as man hours of manual work, and multiplying these by their 
prices. However, the costs of operations are rarely available in 
this form. More usually the operational cost per unit is 
available and discounted expenditure is found by summing the 
discounted values of all the component operational costs such as 
plants, planting, weeding, etc.
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In assessing costs of operations in future years changes in real 
costs can be projected on the assumption that past trends will 
continue. Few published assessments have so far made such 
assumptions (Johnston, Grayson and Bradley, 1967). It is 
uncertain how far optimism about the possibility of limiting the 
rise in costs or an ignorance of the possible effects of external 
economic conditions is the reason. As with pricing future volume 
yields the objectives of the calculation determine the extent to 
which absolute judgements are called for, e.g., a comparison of 
profitability between two types of management which have similar 
costs at similar dates does not necessitate careful estimation of 
likely future cost changes.
Costs and cost relationships can often be more precisely assessed 
because they usually relate to the near future, i.e., the majority 
of the cost items are in the first 5 years of the projects life.
Period Over Which Revenues and Expenditures are Compared 
The optimum length of life of a given even-aged stand may, in 
principle, be decided according to a variety of criteria 
reflecting the objectives of the enterprise (see Chapter 4). If 
the criterion is maximization of N.D.R. (i.e., financial yield) 
different values will be obtained depending on whether (a) a 
single rotation or (b) a succession of rotations of the same crop 
or (c) one rotation is followed by a designated successor is 
considered.
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In order to achieve comparability between crop treatments which 
require different periods for the culmination of Discounted 
Revenue it is necessary to adopt a procedure which ensures that 
similar time periods are considered. The usual way to do this is 
to assume that each treatment is repeated in perpetuity. In 
forestry very long views are necessary and the convention of 
viewing revenues and expenditures in perpetuity is thus a 
realistic one (Hart, 1967).
The effect of different assumptions for the second and subsequent 
rotations has very little influence on the results obtained. The 
figures calculated are only as good as the assumptions which have 
to be made, but their value as indicators of relative 
profitability remains unimpaired.
3.2 The Discount Rate
3.2.1 Introduction
The choice of the discount rate is important to all investment 
appraisals using the criterion of Net Discounted Revenue. 
However, in the case of forestry it has special significance 
because of the long time between the initial investment and the 
collection of revenues. In addition the return on many forestry 
projects is small which has led to much discussion on the discount 
rate and to suggestions that forestry is a special case and 
deserves a very low discount rate. The aim of this section is to 
look at various methods for selecting a discount rate - both in 
the private and public sector - and examine the suggestion that 
forestry deserves to be treated as a special case.
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3.2.2 The Private Investor
The private investor will set a rate in accordance with his time 
preference rate, which reflects the rate of return which would be 
sufficient to encourage him to invest rather to consume 
immediately. C.A.S. (1980) suggest that this rate is around 2-3% 
in real terms, which assumes the following. Those who invest in 
forestry have a similar outlook to those who invest in land and 
therefore the long term return on investment in land provides an 
indication of what this time preference rate may be. The 
indications are that the real return on investments in land has 
been remarkably steady over a long period at 1-2% a year. The 
return on investments in alternative long term securities has not 
been notably higher than this. Taking account of inflation, the 
average cost of borrowing in real terms in the U.K. over the past 
32 years (1945 to 1976) is estimated as 2-3% (Smith, 1978).
This is much lower than the Government Test Discount Rate which is 
currently set at 5% (Cmnd. 7131, April 1978). However, as Busby 
and Grayson (1981) point out, the economic environment of the 
private sector differs from that in the public sector, e.g., 
because of taxes or different valuations of non-market costs and 
benefits. As a result there may well be differences in the 
discount rate. Busby and Grayson (1981) do not however specify 
what the likely rate is for the private investor. In their report 
for the F.C., they use 3,5 and 7% in an attempt to cover the range 
of real rates of return likely to be available from alternative 
investments open to private investors in forestry.
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Garforth and Whyte (1979) have attempted to clarify the situation 
and suggest the following two factors influence the discount rate;
1 The discount rate reflects the investor’s time preference 
which is itself affected by such factors as the desire to 
provide for one's old age or for one's heirs.
2 The discount rate chosen will usually reflect the expected 
returns from alternative projects, e.g., if new planting 
were expected to return, on average, 3% per annum in real 
terms, then a 3% discount rate may be used in project 
appraisals to ensure that no less than this is expected. In 
terms of the discount rate as long as one were unwilling to 
accept less than 3% return per annum, then it is clear that 
some rate equal to or greater than this must be applied to 
the calculation.
This suggests that a rate of around 3% would be suitable for the 
private individual, on the basis of the comments made earlier in 
this section.
But how does a 3% discount rate compare with the rates of return 
in the private industrial sector?
3.2.3 Comparison of Rates of Return in Forestry and Industry 
In making comparisons of rates of return between industry and 
forestry it is essential that the same measure is used. In fact, 
most of the comparisons foresters hear about are between internal
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rates of return expected in forestry and accounting rates of 
return in industry. Almost all comparisons are between current 
rates of profit in industry and expected internal rates of return 
in forestry (Grayson, 1979).
One way round this, as Grayson suggests, is to assess the 
operating surplus gross of depreciation, to judge the average life 
of projects within industry and from these to infer the internal 
rate of return as if the gross profits were constant for all the
years. Grayson then concludes, making the assumption of a 30 year
average life of the assets (the average for Britain), that the 
real rate of return (as recorded in recent years in the Quarterly 
Bulletins of the Bank of England, 1976-1979) is approximately 4% 
higher than the real underlying internal rate of return (i.e., 
(r+4)% where r = real internal rate). Thus the calculated return 
of around 2% from afforestation by the F.C. is equivalent to a net
rate of profit in industry of about 6% in real terms, which is the
average rate obtained in industry during the 1970s.
3.2.4 The Public Sector
Where investment by the state is involved, the problem of discount 
rates becomes more complex. At present, the Government Test Rate 
is 5%. Some explanation is required as to how this rate was 
chosen and also on the fact that many authors suggest the F.C. 
uses 3%.
As the White Paper on the Nationalised Industries says, the 5%
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rate has been chosen to reflect the real rate of return in private 
industry as well as to take account of society's rate of time
preference. It is used in appraising forestry management options 
within the F.C. The figure of 3% used in appraising land for 
planting by the F.C. has a quite different purpose. It is used as 
a measure for which the F.C. compares the value of acquisitions 
with the average return on plantable land at the beginning of each 
5 year accounting period. It thus forms part of the F.C.'s 
financial control system (Garforth and Whyte, 1979).
The 5% test rate and the problem of defining the social discount 
rate has been subject to much discussion.
The major part of the problem arises from the fact that 
discounting commonly has two distinct functions. First, it is
employed as a means of weighting costs and returns at different
times. Second, it is used to ration investment funds and allocate 
them between various projects and land uses. In the former, the 
discount rate should be chosen to reflect society's time 
preference; in the latter, the rate should reflect the opportunity 
cost of using the capital, from the viewpoint of society. In 
theory the social time preference rate (S.T.P.R.) and the social 
opportunity cost rate (S.O.C.R.) should be equal as both measure
the premium attached to consuming now, rather than later. In 
practice, since those who save are often not identical to those 
who invest, the S.T.P.R. may diverge from the S.O.C.R. This • is 
why it is difficult to estimate a single meaningful measure of the
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social discount rate. There is no agreement about what is an 
approprate rate, nor even about the concept which properly 
reflects the social discount rate.
Defining the Social Rate of Discount
In an ideal market economy, the prevailing rate of interest in the 
money market should reflect the social rate of time preference 
(Mishan, 1971). However, in practice the interest rate in the 
capital market is likely to diverge from the social rate of time 
preference. Interest rates in general reflect not only the 
S.T.P.R. but other considerations such as the need for monetary 
control and correction of balance of payments. As the rate of
interest in the capital market is higher than the S.T.P.R., the 
opportunity cost of investing resources is not given by the value 
of consumption foregone.
As a solution to this problem, Marglin (1963) and Feldstein (1964) 
have proposed that the benefits and costs of a given project 
should be discounted at the S.T.P.R., while market rates of return 
should be used to estimate the social opportunity cost of 
capital. In order, therefore, for the investments in the public 
project to yield a social gain, the stream of discounted benefits 
should eKceed ( the social opportunity cost of capital which is 
equivalent to the discounted value of similar funds invested in 
the private sector. However, it could be argued that it would be 
simpler if the S.O.C.R. were chosen as the appropriate discount 
rate. Thus the criterion to be used would be that the present
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value of future benefits from a given public investment when 
discounted at the S.O.C.R., rather than the S.T.P.R., should
exceed the initial outlay. This would ensure that the present 
social welfare equivalent of any public investment would be higher 
than the present social welfare equivalent of the benefit stream 
arising from investing the same resources, in the private sector.
C.A.S. (1980) argue, however, that because forestry is an
investment which only realises a profit in the long run, 
discounting benefits by the S.O.C.R. is a poor approximation for 
discounting by the S.T.P.R. and comparing the resultant benefits 
with the net present value of similar funds invested in the
capital -market. This is because of the divergence between the 
S.T.P.R. and S.O.C.R. C.A.S. regard the concept used in defining 
the test discount rate for public investments inappropriate for 
evaluations in forestry.
In the 1967 review of economic and financial objectives for 
nationalised industries (H.M. Treasury, 1967), the discount rate 
was explicitly set equal to the social opportunity cost of 
capital. When originally set 8 % was considered a reasonable 
figure. In August 1969 the rate was increased to 10% and it 
remained at this level for almost 9 years. In April 1978 the 
concept O'f a test discount rate was officially abolished in 
favour of a collective Required Rate of Return on capital for 
Nationalised Industries set at 5%. However, in practice, as 
C.A.S. (1980) point out, it has become the test discount rate.
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3.2.5 Argument for Using a Low Discount Rate for Forestry 
Other workers beside C.A.S. have suggested the test rate is 
inappropriate for forestry and wish to see a much lower rate than 
5% used. Moreover, some have suggested that the use of Net 
Discounted Revenues has no place in forestry appraisals.
Price (1976) suggests that the case for a low discount rate does 
not depend on the argument that forestry should be treated as a 
special case, but is more general. Special pleading to excuse 
forestry from the 5 % discount rate includes an argument that 
forestry is a long term investment and therefore a low rate should 
be used. But this argument cannot be justified and if the long 
production period of forestry makes it unprofitable the obvious 
conclusion is that it should not be undertaken.
Another argument for a low rate is based on the intangible 
benefits which forestry produces, i.e., the 1972 Government review 
of forest planning was unable to accept a low discount rate and 
therefore ’pulled in' unquantifiable benefits for a discount rate 
of 3% (the test rate at that time was 10%). However, this 
argument is illogical as Price (1976) points out. This means that 
unquantifiable benefits must equal 7%. But compound interest does 
not work in this divisable way over the period of the rotation. 
The full force of the interest rate must be applied to each kind 
of benefit.
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The General Case for a Low Discount Rate
Price’s argument for a low discount rate is based on the 
assumption that timber may be in short supply in the future.
The state might wish to employ a higher discount rate in order to 
take acount of unpredictable but possible trends which might 
reduce the social value of output produced from an investment. In 
this sense discounting is merely a convenient way of generalising 
a forecast. Among the factors identified as having general 
relevance are the possibility of changes in the balance between 
supply and demand for the particular commodity produced. However, 
the various developments in world trade, consumption and 
technology are as likely to increase the future social value of 
the commodity produced as decrease it. Accordingly, when there is 
uncertainty about the persistance and direction of trade, 
increasing the social discount rate to allow for uncertainty seems 
a rather dangerous evasion of the problem of seeing far into the 
future.
However, many workers including Kelly (1977), suggest Price is 
simply arguing for a low social discount rate, so that forestry 
can look profitable.
Defined precisely the social time preference rate (S.T.P.R.) is 
the social marginal rate of substitution of future for present 
consumption benefits. Kelly (1977) distinguishes between the pure 
S.T.P.R. and the actual S.T.P.R.:- The pure S.T.P.R. is the rate
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if present and estimated future consumption benefits were 
constrained to be equal and so reflect society's genuine 
impatience and preference for today's pleasures over tomorrow's. 
It is because the level of consumption benefits enjoyed by society 
may be expected to vary with time that the actual S.T.P.R. differs 
from the pure S.T.P.R.
If future levels of consumption benefits are likely to exceed 
current levels (i.e. economic growth) then it would seem desirable 
to attach a discount to estimated future consumption levels. Thus 
the actual S.T.P.R. has to reflect both the need for an investment 
to yield sufficient to offset this as well as any discount arising 
from pure social time preference.
Price (and others) who attempt to make a case for a low S.T.P.R. 
are essentially trying to persuade people that the pure S.T.P.R. 
should be zero, i.e., society should not display genuine 
impatience as reflected in a positive pure S.T.P.R. Hence, the 
actual S.T.P.R. should be lower than the level resulting from 
positive pure social time preference. If the resource endowment 
and productive capability of the economy were sufficient to 
provide little more than the basic necessities of life then the 
moral case for a zero pure S.T.P.R. woulfl appear plausible. 
However, current technology indicates that consumption benefits 
well in excess of subsistence are sustainable for many years to 
come. Therefore there are no grounds for a zero S.T.P.R. 
(Kelly, 1977).
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3.2.6 The Argument Against N.D.R. as a Means of Investment: 
Appraisal in Forestry 
Helliwell (1974, 1977 and 1979) has argued not only for a very low
discount rate ( < 1%) but also questioned the validity of using
N.D.R. as a means of comparing investments in forestry.
Helliwell's method is to assess the risks involved in the 
investment and apportion a discount rate according to this 
criterion. There can, of course, be no precise means of
determining the appropriate discount rate in any one instance, as 
forecasts of the risks involved cannot be exact. Helliwell
postulates that a guess is likely to be more meaningful than the 
use of the current bank rate or some irrelevant figure.
After discounting the expected stream of income and investments at 
the appropriate rate, the next step is to calculate the expected 
ratio of income to investment. This ratio may then be used as a 
basis to assess the relative profitability of different 
investments.
Helliwell suggests that investments which yield their value far 
into the future should not be discounted at all (at most 0 .2 %, or 
of that order), whereas investments which stand a fair chance of 
becoming worthless in, say, 10-15 years time, should be discounted 
at a rate of between 5-8%. Only investments with an even chance 
of becoming useless within 5 to 6 years should be discounted at 
rates greater than 1 0 %.
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The Time Factor
This argument may appear sound but when one considers the time 
factor it has less appeal. Helliwell states that if two 
alternative investments were to give identical ratios of return, 
either investment would be equally attractive regardless of the 
time factor. The time factor only has relevance in that a shorter 
time span will give a lower degree of risk. However, the flaw in 
Helliwell's argument can be seen if one considers the following 
two investments: Two identical forestry investments each with the
same rotation length and overall yield. In one investment, 
however, the volume of early thinnings is larger than in the 
other. The N.D.R. of this investment is of greater value, 
assuming the costs are the same in each investment. Helliwell's 
method would fail to show any difference.
In the situation where the pattern of revenues and costs differ 
through time, the time factor is of crucial importance and 
discounting must take this into consideration. The conclusion is 
that Helliwell's method has little value when comparing forestry 
investments. As Garforth and Whyte (1979) point out, choice is 
made complicated by the fact that the values of costs and returns 
and their timing will vary from one investment to another. Given 
the very different patterns of the cash flows it is unlikely that 
the 'best' choice can be made simply by comparing the ratio of 
income to Investment.
\
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Conclusion
It seems clear that discounting to produce Net Discounted Revenues 
is the most appropriate way to compare various forestry options. 
The discount rate for the private investor - which is the 
situation under consideration in Surrey - should be around 2-3% in 
real terms. There would appear to be no reason not to accept the 
5% test rate set for public investment for the F.C. The use of 3% 
stems from the fact that this is the average rate of return on 
F.C. plantations.
It will be useful, however, to use a range of discount rates when 
comparing various types of management to show the importance of 
the discount rate and to find the rate at which investments start 
to make a loss, i.e., the discount rate which gives a N.D.R. of 
zero is the internal rate of return.
4 Net Discounted Revenues and Type of Management
Table 1 summarises the main species and systems of management 
suitable for each site type in Surrey. Whether these systems can 
be implemented will depend on their profitability and for this 
reason N.D.R.s have been calculated, using various assumptions. 
Wherever possible the assumption behind the calculations have been 
chosen so as to represent the situation in Surrey, e.g., costs 
representative of small fragmented woodlands. The results are 
shown in Table 2.
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TABLE
Area
Sand
Clay
1 SPECIES AND SILVICULTURAL SYSTEMS FOR THE MAIN SITE
TYPES IN SURREY
Lower Greensand 
Bagshot Beds 
Hastings Beds
Species
Scots pine 
Corsican pine
System
Regular High 
Forest
London Clay 
Weald Clay
Norway spruce 
Oak
Mixed,
shelter-wood
Chalk North Downs 
Plateau
Beech, Corsican Mixed,
pine, Japanese shelter-wood
larch, W. hemlock
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4.1 Costs
The model used for the conifers represents costs applicable to 
small blocks (less than 25 ha) in the lowlands and are based on 
the surveys of private forestry conducted by the University of 
Aberdeen and the Commonwealth Forestry Institute. C.A.S. (1980) 
have used this model and suggest that the costs represent the 
highest set of average costs which might be faced. The costs per 
hectare are therefore much higher than those for extensive 
afforestation in, for example, the Highlands of Scotland and are 
the likely costs facing owners in Surrey.
The price of land has not been included as existing woodlands are 
being considered in Surrey and it is assumed that the land is 
already held by the forestry investor.
Taxation has not been included in any of the costings as the 
amounts paid or received as relief will depend on factors not 
directly associated with the forest crop. The costs used for the 
hardwoods represent the higher costs of maintenance and 
post-planting operations compared with conifers. This is because 
hardwoods require more weeding and cleaning due to the longer 
period before they are established. Pruning has also been 
included in this costs model to ensure that reasonable quality 
timber is produced. Both the cost models are based on 1978 costs, 
details of which are given in Table 3.
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4.2 Revenues
It is very difficult to accurately assess the prices being paid 
for timber at the present time. There is no regular channel for 
collecting and publishing up-to-date prices for British timber. 
Furthermore, as Hart (1979) points out, the vendors and purchasers 
are rarely willing to disclose prices. There are two reasons for 
this; in the first place members of the trade are jealous of their 
established sources of supply, being in competition with each 
other for their requirements. Secondly, there is a widespread 
impression among timber merchants that woodland owners have but 
little understanding of the heavy production and other operating 
costs and of the highly significant residue and wastage factors, 
and that if growers had free access to prices for sawn timber, 
this would likely lead to unrealistic expectations in terms of 
price for standing timber. (The Home Timber Merchants'
Association for England and Wales: Submission to Working Party on 
the Utilisation and Marketing of British Hardwoods, June 1978). 
This view by the Home Timber Merchants' Association is probably 
made to safeguard their own interests. The problem is lack of 
information on prices. It is impossible to gauge the present 
price by using imported timber because the aggregate value given 
by the Department of Trade encompasses many qualities of timber. 
Timber Growers England and Wales Ltd., the organisation 
representing the interests of woodland owners, admit that the 
"price of timber is very complex and they do not publish timber 
prices for their members" (Richardson, 1981).
- 163 -
Indeed, the most up-to-date source of timber prices for private 
woodland owners is from a private individual and not a large 
organisation. All the prices used in the calculation of revenues 
are from Hart in his 1979 publication "British Timber Prices and 
Forestry Costings, 1979". Hart gives a range of prices and in 
most cases the mid point of the range has been used as this is the 
most likely price, as Hart suggests. In one case, however, the 
lower and upper values of the price range are used to illustrate
the effect of price on N.D.R. Hart bases his figures upon
experience in private woodland management through Great Britain, 
supplemented by data collected in the course of visits to many
estates and by prices and costs entrusted to Hart by owners, 
foresters, managers, consultants, etc. The prices are not 
representative of F.C. forests, with their economies of scale, 
high degree of mechanisation and bargaining strength.
For all calculations of revenues different prices have been used 
for the various sizes of timber, as larger sizes command a higher 
price per unit volume. Three size classes have been used; 7-18 cm 
top diameter; 18-24 cm top diameter and over 24 cm top diameter, 
which generally implies ’small', 'medium' and 'large' size timber.
The volume of timber produced for each species has been calculated 
using the Normal Yield Tables in the Forestry Commission's Forest 
Management Tables (Hamilton and Christie, 1971). The thinning 
regime used is therefore the one assumed in the Normal Yield
Tables. In the majority of situations, however, given that
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maximum volume production is an objective, the thinning regime 
depicted by the Normal Yield Tables will not be far removed from 
the optimum. A thinning cycle of five years has been used
throughout. In practice, the cycle will generally be reflected by 
the Yield Class of the crop, longer cycles being associated with 
lower Yield Classes. The effect on crop characteristics of 
moderate changes in cycle are negligible.
The Normal Yield Tables also incorporate a 15% allowance for loss 
of production, which covers the reduction in area due to roads and 
forest tracks and the loss of timber during extraction. The 
felling age of the crop is assumed to be at the age of maximum
mean annual volume increment. This was explained in Chapter 4, 
Section 5.4. Using the criterion of maximum profit used by the 
F.C., the optimum felling age usually occurs shortly before the 
age of maximum mean annual increment (M.A.I.). The difference
between the two is small with crops when the maximum mean annual 
increment occurs relatively early but increases as the maximum
M.A.I. increases (or with a lower Yield Class).
The choice of Yield Class will affect the volume production, and 
hence the N.D.R. It Is therefore important to use a Yield Class 
which will occur regularly in Surrey. To ensure this, the Yield 
Class for each species which contributes the largest area in F.C. 
woods in Surrey has been used.
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All the details of the Discounted Revenues and Costs are given in 
the Appendix. However, a summary of the 11 models constructed and 
the underlying assumptions is given in Tables 2 and 3, along with 
the N.D.R.s at a 0,3 and 5% discount rate. Before discussing the 
results an additional explanation is required on the construction 
of the models, especially numbers 10 and 1 1 , where mixed woodland 
is assumed.
Model 1 (See Table 2 for summary of assumptions). This assumes 
Scots pine is planted in monoculture and the site produces a crop 
of Yield Class 12. The costs, like all the other models for 
coniferous species, are based on the C.A.S. costs for lowland 
afforestation, given in Table 3. Average prices are used. Age of 
first thinning (20 years) and rotation length (70 years) are in 
accordance with F.C. Yield Tables.
Model 2 The same as model 1, except that a slower growth rate is 
assumed, i.e., Yield Class 10. As a result, the first thinning 
occurs when the crop is 25 years of age.
Models 3 and 4 The same as model 1 except that "low" and "high" 
prices are used for models 3 and 4, respectively. These are given 
in Table 3.
Model 5 The species is Corsican pine grown in monoculture. 
Although the same Yield Class is used as in model 1 (Scots pine), 
the rotation length is 1 0 years shorter because it is a faster
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growing species. The assumptions on costs and prices are the same 
as in model 1 .
Models 6 and 7 These are the basic Scots pine and Corsican pine 
models (1+ 5 ) but it is assumed the rotations are repeated in 
perpetuity. This is calculated by dividing the discounted costs 
and revenues for one rotation by;
1
1 - (1+.0 p)n
where p = discount rate and n = the year in which the costs and 
revenues occur.
Model 8 This is oak of Yield Class 4. It is therefore extremely 
slow-growing. Because of this, the costs are different from the 
conifers and are given in model B of Table 3. Prices are average 
but are specifically for oak.
Model 9 For this model of N.D.R.s, beech is assumed to be growing 
on a site yielding a growth rate of 6 M^/ha/year. The costs are 
identical to those for oak, but the prices used are specifically 
for beech (Table 3).
Models 10 and 11 These models are meant to represent mixed
woodland being managed on a shelter-wood system. The N.D.R.s have 
been calculated in a very simplified manner. Each of the two 
species involved has been assumed to occupy 50% of every hectare 
and the costs and revenues of each species halved and then 
combined.
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TABLE 3 COSTS FOR FORESTRY INVESTMENTS
Costs Model A Conifers Lowland Afforestation Costs
OPERATION YEARS £/HA
Site Preparation and Planting 0 395
Post Planting Operation 1 to n 6 .3 per annum
Annual Crop Protection 1 to n 6 per annum
Fence Maintenance 1 to n 2 per annum
Production Roads (T-l) 77
Road Maintenance (a) lto (T-l) 0.2 per annum
(b) T to n 1 .2 per annum
Where n = Year of Final Felling Normal Spacing of Plants
T = Year of 1st Thinning as in Normal Yield Tables
SOURCE: C.A. 
Costs Model B
OPERATION
S. (1980)
Hardwoods
YEARS £/HA
Establishment 0 400
Weeding 0 to 4 45 per annum
Beating Up 1 to 4 40 per annum
Cleaning 10 1 0 0
Cleaning 20 1 0 0
Pruning 30 25
Pruning 40 30
Annual Maintenance 5 to 19 15 per annum
Annual Maintenance 20 to n 10 per annum
Where n = Year of Final Felling Normal Spacing
SOURCE: Lorrain-Smith (1978)
- 169 -
TABLE3 (contfd) REVENUES FOR FORESTRY INVESTMENTS
Price £/m 3 Overbark Standing
CONIFERS MODEL A B C
Small 2.5 0 5
Medium 7.0 4 10
Large 14.5 12 17
Mid
Point
Lower Upper 
Value Value
MODEL D BEECH MODEL E
Small 1.5 3.0
Medium 17.5 4.5
Large 70.0 2 2 . 0
SOURCE: HART (1979)
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This is certainly an over simplification because when a species is 
grown in a mixture with other species its growth characteristics 
differ from those when grown in a monoculture. It is therefore 
not totally realistic to use the pattern of volume production 
given in the Normal Yield Tables. Moreover, the costs are likely 
to be slightly greater than in the model used for the calculation 
of N.D.R. This is because in mixed woodland planning is more 
complicated and forest operations become more widely dispersed. 
It is rarely possible to quantify these effects but it may
reasonably be deduced that more complex or scattered working tends 
to increase costs.
Nevertheless, if the values of N.D.R. are used only for
comparative purposes they will provide an indication of whether 
mixed woodland can serve the needs of commercial timber production 
in addition to being useful for silvicultural purposes and for 
aesthetic reasons. (For variations from the 50:50 mixture, see 
Chapter 9).
4.3 Results
a Models 1,3 and 4 show the N.D.R. for Scots pine, Yield Class 
1 2 , using various price assumptions; average, low and high 
prices respectively. The range of N.D.R.s (at 3% d.r.) 
illustrate the importance of obtaining a ’good1 price for 
the timber. The use of zero for the low value of 'small'
timber is a realistic assumption; with the current generally
low price of small wood, first thinnings and tops rarely 
achieve much more than a 'break-even' with harvesting costs,
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particularly where extraction is difficult and the market is 
far distant.
Model 2 is the same as the basic Scots pine model 1, but 
assumes Yield Class 10. This reduces the N.D.R.
considerably from £568/ha to £172/ha (3% d.r.) and is
approximately the same as the N.D.R. for Yield Class 12 
using lower prices (£1 2 1 /ha).
Overall it would appear that Scots pine, managed as regular 
high forest, is a viable proposition for the sand site types 
in Surrey. Indeed the F.C. already owns many Scots pine 
plantations in Surrey (Chapter 2).
b It was suggested in an earlier part of this chapter that
Corsican pine could be an alternative to Scots pine on the 
Sand site types. Moreover, as Corsican pine has a rotation 
of 60 years at Yield Class 12 compared to that of 70 for 
Scots pine, Yield Class 12, it would seem an attractive 
alternative. However, at a discount rate of 3%, the N.D.R. 
is well below the value for Scots pine. Although the 
maximum mean annual volume increment of Corsican pine 
culminates earlier than that of Scots pine, the total volume 
production is much lower.
c Models 6 and 7 are the Scots pine and Corsican pine, Yield
Class 12, with N.D.R.s calculated assuming the crop is
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repeated in perpetuity. Not unexpectedly this results in an 
increase of N.D.R. at a 3% discount rate, but at 5% the loss 
which occurs over one rotation is increased by a small 
amount. However, the important aspect of this comparison is 
that the value of N.D.R. for Scots pine relative to that for 
Corsican pine is not changed. This is also the general case 
as Johnston, Grayson and Bradley (1967) point out, and using 
the N.D.R. over one rotation for a comparative analysis, 
such as this, is adequate.
d Models 8 and 9. Oak and beech managed as regular high
forest. The costs model is for hardwoods in general, but 
the prices used are specifically for oak and beech. The 
results, therefore, are probably more accurate than those 
for conifers. It would appear that on current levels of 
prices and costs and by present silvicultural means, it is 
not possible to grow hardwood timber profitably. At a 3% 
discount rate beech and oak show a negative N.D.R. The 
reason for this is the higher costs involved in hardwood 
establishment and tending and the longer rotation length of 
90 years. Over this period the effect of discounting is 
very significant.
e Models 10 and 11. These models have been constructed to
represent mixed woodland managed on a shelterwood basis. At 
a 3% discount rate the N.D.R.s of the oak and beech in 
mixture with a conifer species are positive. This is an
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important result as it was suggested, on silvicultural 
grounds, that mixed woodland should be utilised on the Clay 
and Chalk site types in Surrey. It means that Norway spruce 
and Western hemlock can be grown in these areas in mixture 
whereas grown as a pure crop, silvicultural difficulties 
would be encountered. The planting of fast growing conifers 
along with slow growing hardwoods allows revenues to accrue 
earlier than would normally be the case with hardwoods grown 
alone, and this offsets part of the early cost of hardwood 
establishment.
Overall Conclusion
Scots pine managed as regular high forest offers the most 
attractive returns and should be the main species used on the Sand 
site types in Surrey. There is little point in planting oak or 
beech on their own, but mixed woodland is a sensible alternative 
and can be implemented on the Clay and Chalk site types.
4.4 Alternative Systems
4.4.1 Hardwoods at Wide-Spacing
The costs and revenues of the previous systems of management have 
all been based on the assumptions underlying the Normal Yield 
Table, i.e., thinnings on a five-year cycle and the trees planted 
at very close spacings, e.g., For oak of Yield Class 4 it is 
assumed there are 4,200 trees per ha at establishment and this is 
reduced to 300 trees per lia at final felling (90 years).
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It has been suggested, however, that if the trees were planted at 
final crop spacing a considerable reduction in costs could be 
achieved (Stern, 1973; Garthwaite, 1977).
Garthwaite recommends the following for planting and restocking 
woods; using large nursery stock, planted at wide spacing at least 
4 M apart, giving about 750 plants per ha. The essential 
ingredient for the success of this system is that the transplants 
used must have good fibrous root systems. This is to ensure that 
no beating-up is required and that the plants quickly suppress 
competing vegetation. Such plants must be pit-planted but once 
done, no further attention should be necessary.
Plants are individually protected by painting the stem from ground 
level to 40-50 cm up the stem with tar. This has successfully 
deterred deer, rabbits and voles and is much cheaper than plastic 
sleeves or wire guards.
If these crops at wide spacings can be managed so that free crowns 
are maintained then Stern (1973) suggests that shorter rotations 
can be obtained. Not only is this an advantage economically, but 
the faster the growth the more acceptable the timber is to the 
sawmillers. Faster grown hardwoods are generally easier to saw 
and often more readily planed and moulded (Stern, 1973).
The main idea of close spacings is to encourage the ’drawing-up' 
of trees by competition in the earlier years and the natural
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pruning of side branches. However, trees of good form and vigour 
will normally grow straight if planted in the open. The 
disadvantage of this is that pruning must be carried out very 
early and this makes a greater contribution to discounted 
expenditure, i.e., it is recommended that pruning is completed 
between years 12 and 15 for a crop at wide-spacing, while the 
pruning years for the costs model used for beech and oak (models 8 
and 9) were 30 and 40.
Overall the cost of planting with the method suggested is probably 
no less and may be more than the traditional method of small 
plants at close spacings. The cost of weeding, on the other hand, 
should be substantially reduced. With vigorous growth on the 
right sites, relatively short rotations can be attained if the 
free growth conditions are maintained.
The costs and revenues for an oak crop managed by the above method
are set out in Table 4. The N.D.R. now becomes significantly
positive at a discount rate of 3%. This is because the costs are 
greatly reduced and all the final felling is of a large size which 
commands a higher price. In addition, a multiplying factor for 
free growth conditions is incorporated in the model.
This system of management has, as yet, not been utilized in 
Britain to any great extent, and it is therefore difficult to
assess how successful the system would be in practice. It may 
have some potential In Surrey, however, if hardwoods have to be 
used on their own for amenity reasons.
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TABLE 4 COSTS AND REVENUES FOR OAK, AT WIDE-SPACINGS
HARDWOODS AT WIDE-SPACING OAK 150 PLANTS
COSTS £/ha YEAR DISCOUNTED COSTS
OPERATION 3% 5%
Tar for tree stems 10 0 10 10
150 plants 0 £50/100 75 0 1 75 75
Pits 0 £3/100 25 0 25 25
Weeding 50 10 37 29
Pruning 30 12 21 16
Pruning 30 15 19 14
Annual Maintenance £3 p.a. 270 1 to 90 74 30
490 261 199
REVENUES ROTATION 90 YEARS
DISCOUNTED REVENUE
. 3% 5%
Multiplying factor for 
free growth conditions 1.33
Top diam. at 6M in free growth 55 cm
Volume in tree to height of 6M 1.43M3 (a)
Trees/ha 150 (b)
Volume/ha 215 M3
Standing value £70/M3
Value per ha £15,050 £1,083 £186
N.D.R. £/ha: 0%, 14560; 3%,822; 5% ,-13
(a) The value of the timber above 6M is ignored
(b) Assuming planting at final crop spacing
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4.4.2 Coppice-with-Standards
Under this traditional system, timber trees are grown above a 
coppiced underwood.
The problem in the South-East of England, including Surrey, is to 
ensure the perpetuation of the unmanaged woodland, much of it in 
small parcels scattered over farms and on the urban fringe 
(Garthwaite, 1977). Garthwaite (1977) and Gascoigne (1980) 
suggest that in order to maintain broadleaved woodland in 
South-East England, one method is to convert to 
coppice-with-standards. It has the value of ensuring a continuous 
forest cover which is important on the Chalk and Clay soils of 
Surrey. Garthwaite (1977) recommends the opening of the canopy by 
removal of mature trees and in the gaps so created to plant 
genetically certified stock of the desired species at wide spacing 
sufficient to guarantee a final crop. The intervening spaces 
between the planted trees will then be colonised by natural 
regeneration over a long period of various species some of 
economic importance and others of silvicultural importance as 
nurse trees. In this method there are no 'weed1 species to be 
eliminated as economically useless.
The system of coppice-with-standards has long gone out of favour 
and many areas have been, and are being, converted either to high 
forest or, less usually, to full coppice. The main disadvantages 
of the system are that the standards tend to be short in bole and 
the coppice under them partly suppressed. Nevertheless, Gascoigne 
(1980) has presented a set of costs and revenues which produce a
TABLE 5 COSTS AND REVENUES FOR COPPICE-with-STANDARDS
COSTS DISCOUNTED
Operation Year £/ha £/ha
Clean as necessary: drains upkeep 3% 5%
Ground ready for planting 0 150 150 150
Planting 150 hardwoods 0 300 300 300
Replant 20% coppice with hardwood 
transplants 0 75 75 75
Weeding 1 75 73 71
Beating-up (15% of initial 
planting cost) 2 45 42 41
Weeding 2 75 71 68
Cut back planted coppice 7 50 41 36
770 752 741
REVENUES DISCOUNTED REVENUE
Operation £/ha Year 3% 5%
Clear derelict wood and scrub*, 
burning lop and top 1 2 0 0 12 0 1 2 0
Cut coppice 240 30 102 56
.. 240 50 56 21
. . . . 240 70 31 8
Clear coppice and standards 6540 90 471 81
7380 780 286
Excluding* 7260 660 166
Discount Rate
0 % 3% 5%
N.D.R. (£/ha) + 6610__________  +28_____________ -455
Excluding* + 6490 -92 -575
SOURCE: GASCOIGNE (1980)
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positive N.D.R. of £28/ha at a 3% discount rate. However, as 
Table 5 shows this result is only obtainable if it is assumed that 
timber from the derelict wood can be sold, i.e., at £120/ha. Many 
of these old woods will contain many species of varying ages and 
quality and a sale of such timber at a reasonable price cannot be 
guaranteed. Gascoigne also omits the cost of maintenance which 
could be around £3 per annum. Moreover, the woodland owner may be 
unable to find a market for the produce from coppiced woods. 
Small roundwood for pulp and board mills are usually sold under
large long term contracts. Only by intense keeness and effort can 
the grower cultivate a good local trade in produce for posts,
stakes and firewood and small wood for turnery.
Nevertheless, coppice-with-standards does come closer to obtaining 
a positive N.D.R. at 3% d.r. than do the hardwoods managed as high 
forest. This system may also be important if hardwoods have to be
retained in the landscape for aesthetic reasons (see Chapter 9).
4.5 Sensitivity Analysis
In the calculation of N.D.R.s the discount rate was set at 0,3 and 
5%. The other factors in the calculation of N.D.R. remained 
constant and these were based on various assumptions. It would be 
useful Lo determine how sensitive the answers (N.D.R.) are to 
these assumptions. The function of exploring the consequences of 
variations in the relevant factors is termed sensitivity analysis.
To make the calculations simpler the discounted costs and revenues 
for the models can be summarised as follows:
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Discounted Costs =
A+ r (l+r)n 
where A = Establishment Costs
C = Running (Maintenance) Costs 
r = Discount rate as a fraction 
n = rotation length in years
Discounted Revenues = Y
(I+r)n
where Y = Total Revenues
This is very much a simplified version of D.C.F. The 
establishment costs which occur at the beginning of the rotation 
are not discounted; while it is assumed all the revenues accrue in 
the final year of the rotation and are discounted accordingly.
However, absolute values are of no concern at this stage. The aim
is to determine to which assumption the results are most 
sensitive.
The following expression can be used to summarise the effect of
changes on all the parameters.
dV = dV.dY + dV.dr + dV.dn + dV.dA + dV.dC
(change dY dr dn dA dC
in N.D.R.)
The sensitivity of N.D.R. to a change in each parameter is
therefore;
Revenues. dV = 1
dY (l+r)n
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Discount dV = -N 
Rate
    (Y + C) + C
dr (l+r)n+l r 72
(1 - J _  ) 
(l+r)n
Rotation dV = -1 logc (1+r) (Y+C)
Length dn (l+r)n r
Establishment dV = -1
Costs dA
Running dV_ = -1_ (1- 1 )
Costs dC r (l+r)n
From these equations it will be possible to determine the effect 
of a 1% increase in each of the factors used in the calculation of 
N.D.R. dV can be calculated for each of the models. The 
parameters have been set as follows:
Model A C r n Y Description
1 400 15 0.03 70 8100 SP Av. prices Yc 12
2 • .. 70 6900 SP Av. prices Yc 10
5 60 5600 CP Av. prices Yc 12
8 •• 90 1 0 0 0 0 Oak Av. prices Yc 4
9 95 6700 Be Av. prices Yc 6
10 M  It 80 10400 Mixed NS/Oak Av. prices Yc 16/4
11 tl If 80 1 0 2 0 0 Mixed WH/Be Av. prices Yc 18/6
(YC: Yield Class)
An average rotation has been used for the mixed woodland. Only
the models assuming average prices have been used to make the 
tests comparable. Models 6 and 7 using a rotation in perpetuity, 
have been ignored.
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A Sensitivity at a 3% Discount Rate
Table 6 shows the values for dV in relation to all the parameters. 
TABLE 6 VALUES OF dV/DY, dV/dr, etc. (3% discount rate)
Model
Change 1_________2_________5 8________9_______10______ 11
dV/dY 0.126 0.126 0.17 0.07 0.06 0.094 0.094
dV/dr -50664 -40364 -36590 -42545 -18824 -57160 -55700
dV/dn -32.03 -27.56 -30.65 -21.72 -12.77 -30.29 -29.73
dV/dA -1 -1 -1 -1 -1 -1 -1
dV/dC -29.13 -29.13 -27.66 -30.99 -31.33 -30.19 -30.19
From these figures in Table 6 it is possible to calculate the 
effect of a 1% change in the parameters on N.D.R. (Table 7).
TABLE 7 CHANGE IN N.D.R. RESULTING FROM CHANGE IN PARAMETERS
Mod N.D.R 
-el (3%) Y r
(a)
n A C Y r
(b)
n A C
1 £186.0 1 0 . 2 -15.2. -22.4 -4 -4.4 5.5 -8.2 - 1 2 . 1 -2 . 2 -2.4
2 34.5 8.7 -1 2 . 1 -19.3 -4 -4.4 25.2 -35.1 -55.0 -1 1 . 6 -12.7
5 135.5 9.5 -1 1 . 0 -18.4 -4 -4.2 7.0 -8.1 -13.6 -3.0 -3.1
8 -165.7 7.0 - 1 2 . 8 -19.5 -4 -4.7 4.2 -7.7 -1 1 . 8 -2.4 -2 . 8
9 -465.8 4.0 -5.7 - 1 2 . 1 -4 -4.7 0.9 -1.2 -2 . 6 -0.9 - 1 . 0
10 124.4 9.8 -17.2 -24.2 -4 -4.5 7.9 -13.8 -19.5 -3.2 -3.6
11 105.6 9.6 -16.7 -23.5 -4 -4.5 9.1 -15.8 -22.5 -3.8 -4.3
PART (a) gives the absolute change in N.D.R. due to a + 1 % ichange
in Y, r, n, A and C.
PART (b) gives the % change in N.D.R. due to a +1% change in Y, r, 
n, A and C.
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Conclusion
For all the management types N.D.R. is most sensitive to the 
assumptions for discount rate and length of rotation (n). In 
model 2 where a lower Yield Class is used (10 instead of 12), the 
highest sensitivity values are found for all the parameters. In 
model 9, beech on a 95 year rotation, the sensitivity of N.D.R. to 
all the parameters is much lower because the long rotation and low 
productivity produces a large and negative N.D.R.
The least important factor is establishment costs, because in the 
approximation to the calculation of N.D.R. it is assumed the 
establishment costs arc not discounted. This is a reasonable 
assumption as these costs occur in years 0-4 of the rotation and 
the effect of discounting is small.
B Sensitivity at a 5% Discount Rate
In the same way as above, the sensitivity of N.D.R. to changes in 
the factors can be determined when the discount rate is set at 5%, 
instead of 3%. Table 8 shows the values of dV in relation to 
changes to all the parameters.
TABLE 8 VALUES OF dV/dY, dV/dr, etc. (5% Discount Rate)
Change 1________2_________5________8 9________10________11
dV/dY 0.0329 0.0329 0.0535 0.0124 0.0097 0.0201 0.0201
dV/dr -11945 -8658 -10530 -4373 -320 -9643 -9336
dV/dn -13.48 -11.56 -15.4 -6.23 -3.31 -10.49 -10.30
dV/dA -1 -1 -1 -1 -1 -1 -1
dV/dC -19.34 -19.34 -18.94 -19.76 -19.80 -19.60 -19.60
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From the above table the percentage changes in N.D.R. have been 
calculated, resulting from a + 1% change in all the parameters. 
See Table 9.
TABLE 9 CHANGE IN N.D.R., DUE TO A +1% CHANGE IN Y, r, n, A & C
Factor
Model N.D.R. Y r n A C
1 -423.9 0 . 6 -1.4 -2 . 2 -0.9 -0.7
2 -463.3 0.5 -0.9 -1 . 8 -0.9 -0 . 6
5 -384.2 0 . 8 -1.4 -2.4 -1 . 0 -0.7
8 -572.5 0 . 2 -0.4 - 1 . 0 -0.7
01
9 -632.0 0 . 1 -0.03 i o Cn -0 . 6 -0.5
10 -484.2 0.4 - 1 . 0 - 1 . 8 -0 . 8 -0 . 6
11 -458.2 0.4
01 -1.7 -0 . 8 -0 . 6
Conclusion: At a 5% discount rate, because the N.D.R. is large
and negative, the sensitivity of the N.D.R.s to changes in the 
parameters is considerably reduced.
Overall, the N.D.R.s are still most sensitive to the assumptions 
on rotation length. However, the establishment costs are now more 
important than the running costs.
Whereas with a 3% discount rate the highest 'sensitivy values’ 
were found for model 2 (SP, low Yc, 70 year rotation), for a 5% 
discount rate the N.D.R. is most sensitive to the assumptions
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made in model 5, (CP, Yc 12, 60 year rotation). The situation 
appears to be as follows. When the discount rate is increased, 
rotation length becomes the overiding factor and where a system 
has a short rotation the sensitivity of N.D.R. to other factors is 
increased.
C Sensitivity at Rotation Lengths of 50 and 100 Years 
This section will use model 1, Scots pine at Yc 12, to look at the 
effect of changing the rotation length to 50 and 100 years. The 
discount rate remains at 3%. The values for dV/dY, dV/dr, etc., 
are given in the following Table, 10.
TABLE 10 VALUES OF dV/dY, dV/dr, etc. (3% Discount Rate)
_n dV/dY______ dV/dr______ dV/dn dV/dA dV/dC
50 0.229 -71288 -57.96 -1 -25.73
100 0.052 -22593 -13.22 -1 -31.60
The values transformed into % changes in N.D.R. are as follows 
(Table 11).
TABLE 11 % CHANGE IN N.D.R. RESULTING FROM A +1% CHANGE IN Y, r,
n, A and C
n N.D.R. Y r n A C
50 1062 1.74 -2 . 0 1 -2.73 -0.38 -0.36
1 0 0 -452 0.93 -1.50 -2.92 -0.89 -1.05
70 186 5.49 -8.17 -1.2.05 -2.15 -2.35
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Conclusion: Table 11 must be viewed with caution. The reason
being that as n moves away from 70 years the rotation is not the 
most profitable for the management regime under consideration. We 
find, therefore, where n = 70 the N.D.R. is the most sensitive to 
all the parameters, especially n itself.
Comparing the rotations of 50 and 100 years; at the shorter 
rotation the N.D.R. is least sensitive to changes in the costs. 
Increases in revenue and rate of discount have more effect in the 
short rotation. The effects of changes in n at these markedly 
different lifespans are roughly the same. Overall, the discount 
rate and rotation length are still the most important factors.
Overall Conclusion from Sensitivity Analysis
The choice of discount rate and length of rotation are the most 
important factors in the calculation of net discounted revenues 
for forestry projects. If the rotation is long, the effect of 
discounting dominates the calculation, but if the rotation is 
short, discounting has less effect and the sensitivity of N.D.R. 
to the other assumptions increases.
In the calculations of net discounted revenues in this chapter, 
the rotation length has been chosen in accordance with F.C. Yield 
Tables. The rate of discount of around 3% has been chosen so that 
it matches private individuals’ expectations. It would appear 
then that values of N.D.R. calculated In this chapter are the 
correct order of magnitude and are realistic.
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4 . 6  Increases in Price in Real Terms
The product of price and volume production gives revenue (Y) which 
was dealt with in the previous section. However, many workers, 
including C.A.S. (1980) and Crawford (1979), have forecast price 
increases for timber in real terms over the next 20 years. This 
will obviously have an effect on net discounted revenues 
especially if the various qualities and sizes of timber have 
different price increases.
If timber prices were to increase substantially in real terms then 
landowners may be more willing to manage their woods for timber. 
It is difficult to forecast the future price of timber and a 
discussion on price forecasting is given in the Appendix to 
Chapter 6 which will explain the following assumptions.
The projections made by C.A.S. (1980) are that prices will rise 
steadily from 30% above present levels in 2000 to 150% higher at 
felling (2030). The problem with this is that one must assume all 
sizes of timber increase in price by 30% and 150%. This is 
unlikely; the wood produced in Britain is equally divided between 
sawlog and small roundwood production. Most of the value lies in 
the sawlogs which find a ready market, but sawlogs have to carry 
the costs of thinning as the sturapage value of small roundwood is 
very low. Prices for small roundwood seem unlikely to improve 
greatly before 2 0 0 0 , as there is an ample supply of this material.
Nevertheless, the calculations have been carried out to show the 
effect of these price increases on N.D.R.
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The crop will not be at felling age in 2000. In Section 6.3 of
this chapter it is assumed the planting date will be 1985, for the
purposes of production forecasting. By 2000 the crop would only 
be 15 years old and not at the thinning stage. It would be more 
useful to use the 150% price increase for 2030 and make a 
comparison when the crop is finally felled. As the volume remains 
unchanged, the effect of a 150% price increase can be calculated 
by increasing the revenues by 150%, assuming costs remain
constant. This can be done using the simplified formula for
N.D.R., in Section 4.5. Table 7, Section 4.5, shows that for 
Scots pine, Yield Class 12, a +1% increase in revenues results in 
a 5.5% increase in Net Discounted Revenues. Using 1979 prices the 
N.D.R. is assumed to be £186/ha (3% Discount Rate). A price
increase of 150% would increase the N.D.R. by 825%, i.e., to
£1720/ha. This would certainly make it worthwhile investing in 
forestry. However, it is unlikely that all the size classes of 
timber would increase in price by the same amount.
It is almost impossible to estimate what variations in price 
change for different sizes of timber are likely to occur. The
problem is that trees grown in a particular place have a 
particular value because in a competitive market it is the demand 
for trees derived from that of consumers of the final product
which is most influential. Therefore, to estimate future price 
changes for different tree sizes one really has to forecast future
shifts in taste for final products (this will be discussed in
Chapter 6 ).
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4.7 The Internal Rate of Return
Before completing this section on Net Discounted Revenues a 
discussion is required on the use of the internal rate of return 
(I.R.R.). In many project appraisals the I.R.R. is used on its 
own or in conjunction with N.D.R. The question to be answered is, 
'Has the I.R.R. any useful role to play in the appraisal of
different forestry investments, or in the comparison with other 
industries?'
4.7.1 The I.R.R. Versus the N.D.R.
The I.R.R. may be defined as the rate of discount in the
calculation of N.D.R. which mades the N.D.R. exactly equal to 
zero. Although N.D.R. and I.R.R. may superficially appear to be 
two ways of arriving at the same answer, if competing investments 
are compared using both criteria, the ranking of the investments 
may differ according to the criterion used, i.e., if two competing 
investments differ in terms of initial investments, timing of cash 
flows or project lives, using I.R.R. may give a misleading answer.
Thus in forestry because of the effect of different patterns of 
cash flow over time, different orderings of projects may be
obtained using N.D.R and I.R.R. (Johnston, Grayson and Bradley,
1967). Later in this section the I.R.R. will be calculated for
the D.C.F. models to see if this is the case.
The I.R.R.s fundamental divergence from the N.D.R. lies in the
fact that it implies something specific about the uses to which
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revenue might be put, or costs might have been put, in other 
investments (Bierman and Smidt, 1975); i.e., the I.R.R. criterion 
comes into its own only when the objective is to plough back all 
intermediate returns and to aim at the biggest possible stock of 
assets at some distant date. This is certainly not the aim in 
forestry management.
Thus one advantage of the I.R.R. is that a discount rate does not 
have to be chosen. There is no question of making a choice 
between consumption at different points in time but rather to 
build up capital as fast as possible (Turvey, 1963). The virtue 
of using a discount rate with which to weight future costs and 
returns is that it provides a consistent yard-stick by which to 
assess alternative time streams.
4.7.2 Results
Table 12 shows the net discounted revenues and internal rates of 
return for seven of the D.C.F. models used in this thesis. 
(D.C.F. models using average prices and one rotation have only 
been considered). The I.R.R. is found by plotting N.D.R.s for 
various discount rates and using the rate which makes the N.D.R. 
equal to zero. This was done in a trial and error manner until 
the best result was found.
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TABLE 12 COMPARISONS OF N.D.R. and I.R.R.
£/ha
Model Rotation (yrs) N.D.R. (3% D.R.) Ranking I.R.R.(%) Ranking
1 70 SP +568 1 4.20 1
2 75 Sp +172 5 3.35 5
5 60 CP +336 3 3.95 2
8 90 Oak -434 6 2.33 6
9 95 Be -674 7 1.80 7
10 70/90 (mixed) +300 4 3.43 4
11 65/95 (mixed) +475 2 3.80 3
The I.R.R. gives the same ranking as the N.D.R., except in one
i
case. The second and third ’best’ projects are reversed in the 
use of I.R.R. The second project, Corsican pine, has a rotation 
of 60 years, while the third best project is the mixed woodland at 
rotations of 65 and 95 years. Before discussing the difference it 
will be worthwhile defining the meaning of the I.R.R. for a 
project where the calculation involves two different rotation 
lengths. The I.R.R. is still determined by finding the rate at 
which the N.D.R. is zero. However, this does not make the N.D.R. 
for each species equal to zero. This may explain why in the case 
of model 11, where there are assumed to be rotations of 65 and 95 
years, the order of the I.R.R. differs from that when using the 
criterion of N.D.R. Although this example is a special case many 
workers, including Lumby (1981), question the use of I.R.R. for 
all D.C.F.s and suggest it is not a method of appraisal but simply 
an arithmetical result. The simple answer as Bierman and Smidt
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(1975) point out, in Discounted Cash Flow terms to ranking 
competing investment opportunities is to use N.D.R.
4.8 Comparison of Rates of Return in Forestry with Rates of
Return in Industry 
This was discussed in Section 3.2.3 of this chapter, and the 
conclusion was that if the same measure was used forestry fared 
favourably with rates of return in industry. The average real 
I.R.R. for D.C.F. models 1,2,5,8 and 9 is 3.13%.
Measures of the real rate of return on capital for industrial 
projects as assessed by the Bank of England include the following:
a) The gross profit relative to original capital outlay
b) Net profit rate, i.e., gross profit less depreciation, or
c) Current profitability, i.e., net profit related to original 
capital net of accumulated depreciation.
However, as Grayson (1979) points out (see also Section 3.2), 
these methods tend to exaggerate the I.R.R. on investment when 
compared with the projected I.R.R. on forestry investment. 
Figures quoted for the current ratio of net profit to net capital 
exaggerate the I.R.R by about 4%. This would suggest that if 
forestry investments could make a real return of 2-3%, they would 
be acceptable to the owner.
C.A.S. (1980) have also made a comparison of forestry investments 
with alternative (industrial) investments. Doyle (1981) has
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outlined the method of calculating the returns:
a) It is supposed that as an alternative to investing in
forestry the investor can invest in stocks and shares of
leading industrial companies. In 1980 these were earning a 
real rate of return of approximately 5%. Since the evaluation 
of forestry investment is implicity conducted at constant 
(real) prices, it is necessary to consider real rates of
return for alternative investments.
b) It is supposed that the investment in forestry can be
represented as consisting of an initial investment (IQ) 
followed by a constant annual investment (A) for the remaining 
life of the woodland. Thus the cumulative investment by year 
n would be IQ+ (n-l)A.
It is assumed that as an alternative the investor could make a 
similar investment in industrial shares and stocks with an
identical cumulative build up.
c) Now comes the critical assumption. It is assumed that the
interest earned on the investment in stocks and shares is not
reinvested but ’consumed' in the year in which it arose. This 
is intended to produce some measure of comparability with the 
forestry calculations, where income arising in intermediate 
years from thinning is not reinvested.
d) Accordingly, let r be the rate of return on share investments
and i the discount rate. The Discounted Costs (D.C.) and
Revenues (D.R.) can be expressed as follows:
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D.C. = I0 + (I0+A) + (I0+2A) + IQ+ (n-l)A
T-fT (T+l)2 (T+l)ri“i
D.R. = IQ(1+r) + (I0+A)(l+r) + (I0+2A)(l+r) + (I0+(n-l)A)(l+r)
_ _  (Y+i)T (I+iP’~  0+i)n
N.D.R. = D.R. - D.C.
If i = 0; N.D.R. reduces to
IQr (I0+A) r+(I0+2A)r + (I0+(n—l)A)r
If i = r; N.D.R. = 0
Tax and tax allowances have been excluded.
Using the D.C.F. models the N.D.R. of this alternative investment 
can be calculated. The initial investment is simply the 
establishment costs. But should the annual maintenance be 
calculated so it includes items of expenditure such as pruning? 
This is not necessary for the crop’s survival and only occurs in 
one year, therefore it will not be included. Table 13 is a 
summary of establishment (IQ ) and running costs (A) for the 
various D.C.F. models. The annual cost has been calculated in 
such a way that when the rotation is longer, the running cost is 
reduced.
TABLE 13 SUMMARY OF ESTABLISHMENT AND RUNNING COSTS
D.C.F. MODEL SPECIES Yc n InW A(£)
1 SP 12 70 395 16.3
2 SP 10 73 395 16.2
5 CP 12 60 395 16.5
8 Oak 4 90 400 14.6
9 Be 6 95 400 14.3
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N.D.R. in Industry
Using the formula suggested by Doyle, the N.D.R. for a comparable 
industrial investment can be calculated. The interest rate is 
assumed to be 5%. The size and duration of the alternative 
investment must be broadly similar to the expenditure flows
associated with the forestry investment. For this reason it is
assumed that the initial investment (IQ ) and the subsequent 
investments (A) are recovered in full in the year of the final
felling of the forestry investment. The N.D.R. of the investments
in industry, based on the above models, are given in Table 14.
TABLE 14 COMPARISON OF RETURNS IN FORESTRY AND INDUSTRY
INVESTMENT IN INDUSTRY EARNING 5% P.A. FORESTRY
Model Life Span (£) N.D.R. at 0% D.R. 3% D.R.(£) (3%)£/ha I.R.R.
1 70 3350 451 568 4.20
2 75 3729 467 172 3.35
5 60 2645 411 336 3.95
8 90 4723 489 -434 2.33
9 95 5092 495 -674 1.80
ily in Model 1 does the forestry investment have a greater
D.R . (at 3% discount rate) than the industrial investment. Yet
the I.R.R. for model 1 is 4.2%, compared to a 5% I.R.R. in 
"industry". This illustrates the weakness of the I.R.R. Model 1, 
Scots pine on a 70 year rotation, is the forestry system most 
likely to succeed in Surrey and this exercise shows that it is a 
worthwile investment, comparable to a similar investment in 
industry.
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Forestry investments in the U.K. will achieve a 5% I.R.R. only on 
very good sites unless future increases in real prices are 
included. For example, in the case of model 1, Scots pine, Yc 12 
on 70 year rotation, the I.R.R. is 4.2% and prices would have to 
rise by around 40% in real terms to produce an I.R.R. of 5%.
4.9 Forestry and Primary Processing
The F.C. (1977) have made calculations of profitability in their
own plantations. The F.C. conclude that rates of return vary from
negligible to approximately 5%. Under the best conditions found 
in Western Europe, 3% is regarded as a good return. Distribution 
of rates of return on new planting by the F.C. in the years 
1977-80, assuming marginal overhead costs, are given in Table 15.
TABLE 15 RATES OF RETURN ON F.C. PLANTING, 1977-80
RATE OF RETURN % OF TOTAL AREA
1.5 23.0
1.5 - 1.75 15.6 Rates in Real Terms
2.0 - 2.25 20.3
2.5 - 2.75 8.0
3.0 - 3.25 14.1
3.5 - 3.75 10.0 Average: 2.3%
4.0 - 4.25 7.7
4 . 5 - 4 . 7 5  0
>5 1.3
SOURCE: F.C. (1977)
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Processing: It is sometimes argued that the rate of return on
growing and harvesting should be viewed not in isolation but in 
combination with the returns on wood processing. There are two 
reasons put forward to support the argument (F.C.', 1977).
a) The market for roundwood is imperfect, i.e., the price
established is not a competitive one.
b) The only feasible alternative to the export of such wood
from Britain is integration of primary processing with home 
grown wood production. The F.C. (1977) have calculated the 
rate of return from forestry including the return from 
processing. For these calculations the F.C. have made a 
number of assumptions, central to which Is the assumed rate 
of return (after tax) in industry. If this is set at 
8% (the calculations were done for 1976/77), Table 16 shows 
that two I.R.R.s in forestry alone are raised on average 2% 
for forestry and industry combined.
TABLE 16 RATES OF RETURN IN FORESTRY AND INDUSTRY
% Return
Assumed Gross Profit Rate in Industry 12
Net Profit Rate in Industry _________ 8_________________
Species Sitka spruce Lodgepole pine
Yield Class 14 8
_________Rotation________________  50_•______ 45_______
I.R.R. for Forestry 4.5 1.7
Average I.R.R. Overall, Forestry &
Industry 6.0 4.3
SOURCE: F.C. (1977)
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The conclusion is that the rate of return overall from growing, 
harvesting and processing is significantly higher than from wood 
production to roadside alone.
However, there appears to be no logical reason for arguing that 
forestry should combine the returns from harvesting the raw 
material and processing.
The Standard Industrial Classification (S.I.C.) (C.S.O., 1980)
groups economic activities of a similar nature. Factors taken 
into account in the classification include; the nature of the 
process, the principal raw material used, „the intended use of the 
good produced and the type of service rendered. The S.I.C. also 
gives "cut-off” points in defining an economic activity which is 
useful for the purpose of data collection. It also helps 
distinguish activities which are treated separately and not 
combined with others.
Forestry is defined as follows: Division 2: Activity 0200
"Planting, replanting and maintenance of woodlands and forests: 
tree harvesting (except harvesting carried out by sawmilling 
establishments classified to headings 4610 and 4710). The 
provision of recreational facilities such as car parks, toilets, 
etc., and the construction of forestry roads by forestry units are 
also classified in the activity".
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Looking at Division 4: Other manufacturing Industries; Activity
4610, sawmilling of wood is defined by the following.
"Establishments engaged in sawing of wood and in producing 
pit-props, telegraph poles, etc. Felling and preliminary 
processing of wood within forestry units is classified to heading 
0200".
It is clear, then, that once timber has left the forest, even for 
initial sawing, it is now part of a different economic activity.
Timber "at roadside" would seem to be the final end point for 
forestry activities. The argument for including processing of 
timber as part of forestry, although attractive, cannot be 
jus tified.
There is one situation where harvesting of timber can be included 
with primary processing, i.e., in Activity 0200 Forestry, it 
states "except harvesting carried out by sawmilling establishments 
classified to heading 4610". Therefore, where a sawmill company 
owns a forest, and manages it, the activities of harvesting and 
primary processing can be included as one. This integration of 
timber growing and processing has been a recent Innovation in the 
timber industry and it has the following advantages for the 
processor. The sawmiller can harvest exactly the type, size and 
quality of timber he requires. He can also plant the tree species 
which he regards as the most likely to meet future demand.
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5 Net Discounted Revenue and Size of the Plantation 
That economies of scale exist in woodland operations can be 
verified by consulting the costs outlined in the Commonwealth 
Forestry Institutes report of 1977. In all cases the weighted 
average cost per ha of operations is lower than the unweighted 
average which indicates that larger areas are cheaper to work than 
smaller areas (per ha). It would be useful however, to know the 
relationship between size and N.D.R. of a wood so that the minimum 
size at which the wood is profitable can be established. This 
will then be used in determining which woods in Surrey can be used 
for timber production.
5 • 1 Size of Woodlands
As Helliwell (1979a) points out, small isolated woods are 
frequently unprofitable if considered primarily from the timber 
production point of view. Depending on the shape, accessibility, 
and the productivity of the site, areas of anything up to 
20 hectares or more may be unprofitable under timber production.
Helliwell (1979b) has produced typical costs and values for woods 
of different sizes. The value of amenity has been determined 
subjectively and could have been given any value. He suggests 
then that woods of less than 10 ha should be managed primarily for 
amenity and woods larger than 10 ha primarily for timber 
production (Figure 1). This appears to be a reasonable assumption 
as the F.C. only consider woods of 10 ha or larger for the
FIGURE 1 TYPICAL COSTS AND VALUES FOR WOODLANDS 
MANAGED PRIMARILY FOR TIMBER
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Dedication Scheme. But should there be any timber production 
carried out in woods smaller than 10 ha? The answer to this will 
depend to a great extent on the cost of establishment. An 
indication of the establishment costs for very small woods is 
given by Penistan and Lang-Brown (1979) in their paper on the 
importance of small woodlands in lowland England.
Studies were made of the costs of planting by less conventional 
methods using individually protected plants as opposed to small 
planting stock within a rabbit fence. Table 17 and Figure 2 show 
a comparison of the two methods and an intermediate one of plants 
at 3.00M spacing for a range of areas from 0.1 to 2.0 hectares.
Although the cost of large plants and their planting can be more 
than twice as expensive as small transplants, rabbit protection 
and tending are very much cheaper. For all woods of sizes up to 
about 1 ha it is cheaper to use large plants at AM spacing, than 
transplants at1 2M. Large plants at 3M spacing are extravagant. 
Over 1.5 ha it is cheaper to use transplants than large plants, 
though not significantly so - the saving is only £100 to £150 per 
hectare. The most important feature of Figure 2, however, is the 
way the establishment costs per ha increase for woods smaller than 
1 hectare. For the large plants at 4M and transplants at 2M, the 
costs are more than double at 0 . 1  ha than at 1 . 0  ha.
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Taking into consideration that these costings do not include 
annual maintenance, then it would be reasonable to conclude that 
woods smaller than 1 ha cannot be considered for timber 
production. But what of woodlands greater than 1.0 ha but smaller 
than 10.0 ha? The establishment costs for woods of 1 and 2 
hectares are still very high, e.g., for a 2 ha wood using 
transplants the establishment cost is £925/ha. The establishment 
costs used in the D.C.F. models in this chapter were approximately 
£400/ha. These are costs representative for 'small blocks' of 
woodland, and these are at least 10 ha. The economic survey of 
private forestry for 1976 (C.F.I., 1977) gives the average
establishment cost for woods in the size class of 2 to 2 0 hectares 
as £433/ha. Woods between 1 and 10 ha are probably only going to 
be suitable for timber production if grants are available to 
offset part of the establishment costs.
- 204 -
i
TABLE 17 ESTABLISHMENT COSTS FOR SMALL WOODS
A comparison is made of forest transplants at 2M spacing with 
large plants at 3 and 4M over a range of areas from 0.1 to 2.0 ha. 
The costs are those of 1978, but are comparable with each other.
It is assumed the plot is rectangular and fenced on all sides.
TRANSPLANTS LARGE PLANTS LARGE PLANTS
@ 2M (£) @ 3M (£) @ 4M (£)
O.lha 250 transplants 26 1 1 0 plants 77 60 plants 42
Delivery & Delivery & Delivery &
planting 19 planting 76 planting 54
Fencing 221 Fencing 140 Fencing 140
Weeding 3 yrs 60 Plastic guards 17 Plastic guards 9
326 310 245
£ per ha 3,260 £ per ha 3,100 £ per ha 2,450
0.25ha 625 plants 66 275 plants 193 150 plants 105
Delivery & Delivery & Delivery &
planting 46 planting 158 planting 90
Fencing 339 Fencing 2 1 2 Fencing 2 1 2
Weeding 75 Guards 41 Guards 22
526 604 425
£ per ha 2 , 1 0 0 £ per ha 2,420 £ per ha 1,700
0 .4ha 1000 transplants 90 440 plants 309 240 plants 168
Delivery & Delivery & Delivery &
planting 57 planting 253 planting 138
Fencing 432 Fencing 270 Fencing 270
Weeding 80 Guards 66 Guards 36
659 897 612
£ per ha 1,650 £ per ha 2,240 £ per ha 1,530
lha 2500 transplants 225 625 plants 438
Delivery & More expensive Delivery &
planting 144 planting 359
Fencing 594 than transplants Fencing 339
Weeding 225 Guards 94
£ per ha 1,188 £/ha 1,230
2 ha 5000 transplants 450 1520 plants 875
Delivery & More expensive Delivery &
planting 230 planting 718
Fencing 720 than transplants Fencing 420
Weeding 450 Guards 158
1,850 2 , 2 0 1
£ per ha 925 £ per ha 1 , 1 0 0
SOURCE: PENISTAN AND LANG-BROWN (1979)
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They do not qualify for the Dedication Scheme, however grants are 
payable under the Small Woods Scheme. 0 ue to concern about the 
loss of small woods, whose importance lies not only in their
aesthetic, conservation and amenity values, but also in the 
significant contribution they make towards the country's timber 
resources, the Government decided to reintroduce a Small Woods
Scheme in 1977. The rates of grants payable are as follows;
For areas of 0.25/ha but less than 3.0 ha - £300/ha
For areas of 3.0 ha but less than 10.0 ha - £250/ha
(See Chapter 7 for update of legislation covering grants).
Woods established under the scheme must be silviculturally sound 
and managed with the objective of producing an ultimate crop of 
timber.
There is no reason to believe that woods of size 1 to 10 ha cannot 
be utilized for timber production. The problem with Helliwell's 
(1979b) (Figure 1) suggestion is that it is assumed that small
woods (less than 10 ha) have a greater amenity value than larger
woods and there is no reason to believe that this is the case.
(See Chapter 9 for the evaluation of amenity).
As a general conclusion, timber production can be introduced to 
all woods greater than 1.0 ha in Surrey, provided the most
profitable system of management is adopted.
Other Economies of Scale
There has been very little quantitative work done on the effect
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plantation size has on the cost of maintenance or harvesting.
\
Staaf (1958) has provided examples for harvesting and subsequent <
regeneration costs in relation to the felling area. Figure 3
illustrates the reduction in average cost with scale when
techniques remain unchanged. Costs increase when the area felled
is less than 10 hectares. Other than this it is difficult to
quantify economies of scale. The problem is that scale economies
associated with larger volumes to be worked in a given area of
clear felling would be expected to differ greatly with the
silvicultural system as well as topographic and other site
factors.
5.2 Area Suitable for Timber Production in Surrey
In Section 2 of this chapter it was concluded that 25,327 ha of 
woodland would be suitable for timber production, considering 
physical constraints only. There are 1,787 ha of woodland smaller 
than 1 ha in Surrey (4,026 woods). This gives 23,540 ha of 
woodland in Surrey suitable for timber production, i.e.,
a) All woods less than 10 ha, but greater than 1.0 ha 12,663 ha
b) Coppice, Coppice-with-Standards and Scrub
greater than 1 0 ha 2,608 ha
c) High Forest (i.e. Deciduous, Mixed and
Coniferous) greater than 10 ha 8,269 ha
23,540 ha
Thi;; Lhen Is the area of unproductive woodland in Surrey which 
could, in theory, be brought under some form of management to
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produce a crop of Limber. This .area has been calculated after
(
giving consideration to physical constraints and to the financial
k
expectations of timber production.
6 Potential Volume of Timber Production in Surrey
Having determined the area suitable for timber production in 
Surrey it would be useful to estimate the volume of timber this
area is capable of producing, considering the species and systems
of management which are suitable for Surrey.
The following table summarises the species, forms of management 
and the areas suitable for timber production in each of the major 
site types.
SITE AREA
TYPE GEOL. AREA__________SPECIES___________ MNGMT.  (ha)
Sand Bagshot Beds Scots pine (Regular 4,336
Lower Greensand " ' " (high 5,104
Hastings Beds " ” (Forest 468
Clay London Clay Norway spruce (Mixed 2,608
Weald Clay and oak (Shelterwood 7,515
Chalk N. Downs Western hemlock (Mixed
and Plateau and beech (Shelterwood 3,449
23,540
Before estimating production, several assumptions have to be made 
regarding the management of these areas.
6 .1 The Yield Class
Obviously much depends on the Yield Class of each individual wood 
or stand. The F.C. makes production forecasts by considering the 
Yield Class of each compartment. This would prove impossible for 
these unsurveyed woods, however.
- 210 -
The production forecast will never be totally accurate due to 
local variations in soil, and the yearly variation in growth due 
to the weather. The aim of making a production forecast in this 
case is to assess the significance of the potential increase in 
forest area in Surrey. For this reason the use of the Yield Class 
which is most likely to occur for each species will be adequate.
For Surrey this can be done by using the Yield Class most commonly 
represented in the F.C. stands which was the practice for the 
calculation of N.D.R.s earlier in this chapter, i.e.,
SPECIES__________________YIELD CLASS: M3/ha/yr.
Scots pine 12
Norway spruce 16
Western hemlock 18
Oak 4
Beech „ 6
6 .2 Management and Thinning Regime
It is assumed the thinning regime will be in accordance with the 
F.C. Forest Management Tables, i.e., the Normal Yield Tables.
Scots pine is assumed to be managed as regular high forest which 
is the situation for the Normal Yield Tables, so there is no 
problem in using the Tables in this case.
For the mixed woodland the situation is not as simple. For these 
areas on the Weald, London Clay and North Down, it is assumed that
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a continuous forest cover will be an uLm of management. If Llie 
forest is never clear-felled then it is inappropriate to use the 
Normal Yield Tables, i.e., the Production Forecast Tables are 
intended to provide a basis for forecasting the thinning yield 
resulting from the application of the standard thinning treatment 
and the average felling yield resulting from clear felling at the 
Standard Rotation age. However, Normal Yield Tables can still be 
used for the mixed woodland if the following assumption is made; 
the forest is managed as a two-storeyed forest or as a strip 
shelterwood and can therefore be classified as a clear-felling 
system of high forest (Hart, 1967).
Oak and Norway spruce, both light demanders, is a common mixture 
in many private woodlands, managed on strip shelterwood. Beech 
and Western hemlock are both shade-bearers and can therefore be 
grown in a two-storeyed system.
In the mixed woodland forecasts it is assumed that each species 
occupies half the area.
6 .3 Time of Crop Establishment
The date at which a crop is planted will obviously determine when 
the first tin Innings are removed and when the final felling is 
made. More important for forecasting production is the total area 
planted at any one time, i.e., when making forecasts of 
production, the area expected to be in the thinning stage and the
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area to be felled are calculated for each year of the forecast 
period. What is to be the assumption regarding the establishment 
of the 23,540 ha in Surrey? The problem is to determine the rate 
at which the old woods could be established with a worthwhile 
crop. In their Strategy for the U.K. Forest Industry, C.A.S. 
argue that 1 0 0 , 0 0 0  ha of unproductive woodland and scrub should be 
converted to productive forest as quickly as possible. They 
recommend a planting rate of 5,000 ha per annum. Applying this to 
Surrey it would take 5 years to bring these woodlands into 
productive use. Along with an assumed starting date of 1985, then 
this can be used as the basis for the production forecast. 
Although the planting rate is probably optimistic it allows 
conclusions to be made about the significance of the production.
6 .4 Normal Yield Tables
Most of these assumptions were set out in greater detail in 
Section 4.2 of tin's chapter, i.e.,
a) Thinning cycle of 5 years.
b) Thinning volume 15% below the expected to allow for roads, 
rides and gaps.
c) Normal Yield Tables refer to fully stocked stands, i.e., the 
stocking at which near maximum volume growth per hectare is 
maintained.
d) The optimum felling age occurs shortly before the age of 
maximum mean annual volume increment.
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If areas are under-sLocked, thinned differently or felled later 
than the optimum felling age, for any reason, then the production
pattern will not be that of the Normal Yield Table. Thus if crops
are heavily thinned to "open them up" or old trees retained in the 
wood for amenity reasons then the production will not correspond
with that of Normal Yield Tables. In general terms the assumption
is one of maximum volume production.
6 .5 Results
Table 18 summarises the results of the forecast with the annual
planting date of 1985 and a planting rate of 5,000 ha per annum.
The distribution of this 5,000 ha is assumed to be proportional to
the area in each management type, i.e.,
Year_________ 1985 1986 1987 1988 1989
Species Scots pine 2,100 2,100 2,100 2,100 1,500
Norway spruce 2,150 2,150 2,150 2,150 1,580
and oak
W. hemlock &
beech 750 750 750 750 450
The volume production is given in the following size classes, 
7-18 cm top diameter; 18-24 cm top diameter and over 24 cm top 
diameter. The full details for each species are given in the 
Appendix to this chapter.
Once the rotation is terminated by clear felling, it is assumed a 
new crop is established immediately. Thus thinnings are obtained 
from the second rotation of conifers before the final felling of
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the first rotation of broadleaves. Most of the production is in 
the form of softwood with the final fellings occurring in the 
period 2050 to 2059. The final felling of hardwoods does not
occur until 2075 to 2084.
In 2025 the first large size softwood timber becomes available, 
i.e., with a top diameter of 24 cm or over, but it is not until 
2055 that there is any large hardwood timber. This has important 
implications for marketing; for a long period the only hardwood 
timber produced is small roundwood, and it is often difficult to 
find a market for such produce (see Chapter 10).
6 . 6  Significance of Potential Productions in Surrey
The period of maximum production, 2055-2059, shown in Table 18, 
produces 1415.4 M-^xlO^ per annum. In reality there would not be 
such a period of concentrated production when all the conifers 
become mature. In reality the period of planting-up would be much 
longer. However, Table 18 illustrates what is possible if a 
co-ordinated planting programme was initiated. Table 19 gives the 
average annual production in thousands of M^, for softwood and 
hardwood.
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TABLE 18 PRODUCTION FORECAST SUMMARY
PERIOD CONIFERS HARDWOOD
TOTAL 7-18 18-24 24+ TOTAL 7-18 18-24 24+ TOTAL
1986-2004 0 0 0 0 0 0 0 0 0
2005-09 73.9 73.9 0 0 73.9 0 0 0 0
2010-14 161.9 161.9 0 0 161.9 0 0 0 0
2015-19 166.0 153.5 8.4 0 161.9 4.1 0 0 4.1
2020-24 182.5 136.7 25.2 0 161.9 2 0 . 6 0 0 2 0 . 6
2025-29 183.5 99.9 53.7 8.3 161.9 2 1 . 6 0 0 2 1 . 6
2030-34 183.5 62.7 69.7 29.5 161.9 2 1 . 6 0 0 2 1 . 6
2035-39 183.5 38.9 63.0 60.0 161.9 2 1 . 6 0 0 2 1 . 6
2040-44 182.6 25.0 50.3 85.7 161.0 2 0 . 2 1.4 0 2 1 . 6
2045-49 176.2 15.8 36.3 102.5 154.6 19.8 1 . 8 0 2 1 . 6
2050-54 345.9 24.1 53.9 246.3 324.3 18.1 3.5 0 2 1 . 6
2055-59 1415.4 63.1 138.2 1192.5 1393.8 14.7 6.5 0.4 2 1 . 6
2060-64 2 1 . 6 0 0 0 0 11.7 7.9 2 . 0 2 1 . 6
2065-69 2 1 . 6 0 0 0 0 9.5 8.3 3.8 2 1 . 6
2070-74 34.4 1 2 . 8 0 0 1 2 . 8 6 . 8 9.3 5.5 2 1 . 6
2075-79 286.6 82.8 0 0 82.8 27.9 55.3 1 2 0 . 6 203.8
2080-84 260.6 160.5 1.4 0 161.9 5.5 1 2 . 8 80.4 98.7
M^xlO^ per annum
7-18 = Volume in M^ with a top diam. greater than 7 cm 
but less than 16 cm
18-24 = Volume in M^ with a top diam. greater than 18 cm 
but less than 24 cm
24+ = Volume in with a top diameter over 24 cm
Conifer area: 16,715 ha
Hardwood area: 6,815 ha
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TABLE 19 POTENTIAL TIMBER PRODUCTION IN SURREY
PERIOD AV. PROD1N SOFTWOOD HARDWOOD
1986-2024
2025-2049
2050-2074
2075-2084
117
182
368
274
112
160
346
123
5
22
22
151
M^xlO^ per annum
One simple way to gauge the significance or importance of this
'extra* production is to compare it with the total U.K. production 
at these future dates.
Assuming the present state planting programme is continued until 
2 0 0 0 and that private planting proceeds at a rate consistent with 
government policy, total wood production should reach 
approximately 8.3 million cubic metres by 2 0 0 0 and 14.3 million 
by 2025. In 2025 the potential production in Surrey represents 
1.27% of expected U.K. production. This may seem insignificant
but Surrey must be placed in the national context. There are 
around 300,000 ha of unproductive woodland and scrub in Great
Britain, mainly in the lowlands (F.C., 1979). It has been
estimated (Locke, 1978) that about 100,000 hectares of this land 
could be converted to productive forestry. Using an average
annual yield of 9 M^, by 2025 this would add a further 90,000 M-^ , 
together with the potential production in Surrey this would
represent 7.6% of expected U.K. production, based on existing
planting rates. This would be a valuable contribution towards 
offsetting the deficit between projected U.K. supply and demand
for timber (see Chapter 6 ).
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Import Savings
The alternative to producing home grown timber is to import it. 
Thus the importance of the potential production in Surrey could be 
determined by calculating its import value.
The price of imported timber (per M^) is difficult to obtain. The 
Department of Trade issues timber prices aggregated for the total 
value of imports, but does not distinguish between various size 
and quality classes. Using the 19.79 data from the Department of 
Trade the following prices have been calculated.
Conifers, average for 1979 £ 29.9/M^
Non-conifers, average for 1979 £112.3/M^
These prices are much .higher than the average prices used for the 
calculation of N.D.R.s in this Chapter, i.e., the 1979 price for 
top-quality home grown timber was £14.5 for conifers and £70/M^ 
for oak. This may be because the aggregate value includes very 
high quality timber from virgin forests in the tropics.
The annual import saving value for the potential timber production 
in Surrey, for 2025, is as follows.
Potential Production_______Import Cost (£/M^) Value (million £)
Softwood 160x10^ 
Hardwood 22x10^
29.9
112.3
4.78 
2.47 
£7.2 5 million
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Another way to evaluate the import savings of the potential timber 
production in Surrey is to find the difference between the price 
of imported logs and home grown logs. However, this comparison 
cannot be made because division 24 of the standard industrial 
classification, lumber, contains largely sawnwood. Very few 
unprocessed logs are imported today, reflecting the desire of most 
exporters to add as much value to timber as possible (F.C., 
1980a).
The alternative, in reality, to producing home grown timber is to 
import processed logs. It would seem to be a valid proposition to 
compare the price of home grown logs with imported sawnwood. The 
F.C. Planning and Economic Paper, "Forest Product Prices in 
Britain" can be used as a data source (F.C., 1980b). Figure 4
outlines the prices for the various forest products.
Hardwoods
Figure 4 shows that the price index for imported sawn hardwood was 
121.4% higher than that of home grown broadleaved logs, in 1979. 
Using the 1979 price for home grown oak, £70/M3, then the imported 
cost of sawn hardwood logs would be around £155/M3 .
Softwood
The price index for home grown conifer logs is not given. 
However, the following comparison will give a reasonable 
indication, albeit an underestimation, of the difference in price 
between imported sawn softwood and home grown softwood logs, i.e.,
FIGURE f\ FOREST PRODUCT PRICES
SAWNWOOD, PLYWOOD AMD LOGS
SOFTWOOD
LOG SCALE lEMPOR 
\ SAWW 
SOFTUj
TED
OOD ' (PE)
TMPORjTED SAWN 
SOFTWOOD (UV)
ROWN
SOFTWOOD
UOMEL 
SAWN' 
(UV) :
CMAINLY
r ;c uvi '
TE D...
ODD PI)
ted”Sawn
ODD:: (PI)
MPOR
HARDWOOD
SAWNi
HARDWOOD... PI)
LEAF
(PI)
3ROAC
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SOURCE; F.C. (1980b)
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F.C. sawlogs (mainly conifers) and imported sawn softwood. This 
shows that the price of the imported product is approximately 100% 
higher than the home grown sawlog. Using the 1979 average price 
for conifers (top quality) of £14.5/m3, then the imported cost 
would be at least £29.0/m3. This is very similar to the unit 
value calculated from the Department of Trade figures (£29.9/M^). 
This is because the £29.0/M^ is an underestimation and the 
Department of Trade figure will include some processed timber.
Using these values for imported sawnwood, the cost of importing 
the timber which could be produced in Surrey is as follows (1979 
prices).
Potential Production (2025) Import Unit Cost Total Cost
Softwood 160x10^ £29.0 M^ 4.64
Hardwood 22x10^ £155.0 3.41
£8.05 million
This suggests that the small area capable of timber production in 
Surrey can make a considerable contribution to reducing the cost 
of importing timber. It has been suggested by the F.C. (1977) 
that a foreign exchange premium (F.E.P.) should be used to 
quantify the value of import substitution. The effect of using an 
F.E.P. is to cost imports higher than their market price and this 
in turn makes forestry investment relatively more attractive, its 
output 'substituting directly for more highly priced imports.
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CHAPTER SIX 
U.K. AND WORLD TIMBER SUPPLY AND DEMAND
1 Introduction
A major concern of this study has been the feasibility of 
increasing timber production in Surrey. The aim of this chapter 
is to show that this might be a desirable goal. For this reason 
it is necessary to show that there will be a world shortage of 
timber and that the U.K. should increase its home timber 
production. This will involve forecasting future supplies and 
consumption levels of timber. Due to the long term nature of
timber production this is a very difficult task and estimates for, 
say, 50 years ahead must be treated with caution.
However, as the aim of this chapter is simply to show that there 
may be a shortage of timber and that the U.K. is in a poor
position, then a precise estimate of future supply and demand is 
not really required. What is required is careful consideration of 
the relevant factors and assumptions behind the estimates, to show 
they are of the correct magnitude. Only then will it be possible 
to convince when stating that the U.K. (including Surrey) needs to 
increase the level of home timber production.
2 U.K. Timber Production: The Present Situation
It will be worthwhile considering what is meant by 'the demand for
timber'; because Limber is noL actually consumed as roundwood it 
is necessary to describe the demand as 'demand for wood and wood 
products' or 'forest products'.
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2.1 Present Consumption of Forest Products in the U.K.
Along with the Netherlands, the U.K. occupies a unique position in 
respect of timber. It is among those countries at the top of the 
league of consumers of timber but at the bottom of the league of 
timber producers. Table 1 illustrates the situation.
TABLE 1 WOOD RESOURCES PER HEAD OF POPULATION
Country Wood Resources per Capita (ha)
Netherlands 0.02
U.K. 0.03
Belgium 0.06
E.E.C. average 0.12
W. Germany 0.12
France 0.23
U.S.A. 1.54
U.S.S.R. 3.86
SOURCE: Crawford (1979)
The U.K. has long been the major importer of forest products in 
Europe and as a result the annual timber bill is massive, at 
around £2 , 0 0 0  million.
The consumption, production and imports of wood products are shown 
in Table 2. The table gives the breakdown of imports according to 
the four main constituents of timber consumption; wood (raw 
timber); panel products, pulp and paper. These are mainly used in 
the construction industry, packaging and printing. U.K.
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production amounted to only 7.1% of consumption in 1960 rising to 
8 .8 % in 1977. Since the 1960s there has been a shift in the make 
up of imports; the proportion of imports in the form of raw timber 
(wood) has decreased while the proportion as paper has increased. 
This has important implications for the forecast of future imports 
and will be discussed more fully later in the Chapter.
TABLE 2 U.K. IMPORTS, PRODUCTION AND APPARENT.CONSUMPTION OF
Apparent
Consumption^-
1960 18.3 11.7 2.5 3.5 36.0 2.7 0 . 8 37.9
1965 18.6 12.7 3.3 4.5 39.1 3.0 0 . 8 41.3
1970 15.9 13.7 3.4 .7.3 40.3 3.2 1 . 2 42.3
1975 10.3 9.4 3.4 7*9 30.9 3.2 1 . 0 33.1
1976 13.6 10.4 3.9 9.9 37.8 3.4 1 . 1 40.1
1977 13.2 1 0 . 2 3.6 9.1 36.1 3.7 1.3 38.5
1978 12.4 1 0 . 0 4.5 1 0 . 2 37.1 3.8 1 . 2 39.7
1979 14.1 1 1 . 6 4.8 1 0 . 8 41.3 4.1 1.5 43.9
1980 11.5 9.8 3.6 9.8 34.7 4.1 2.3 36.5
million MJ w.r.m.e. (wood raw material equivalent)
•*- In this table apparent consumption equals imports plus U.K. 
production of roundwood minus exports; it does not include 
recycled waste paper and residues of U.K. origin.
SOURCE; C.A.S. (1980) and F.C. (1982)
In Table 2, w.r.m.e. represents the volume of roundwood from which 
timber products are made.
WOOD AND WOOD PRODUCTS
IMPORTS UK PRODUCTION
Year Wood Pulp Panels Paper Total Consumed Exported
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2.2 Source of Wood Imports
Nearly two-thirds of the volume of U.K. imports of solid wood and 
board come from countries in the western bloc (Canada, U.S.A. and 
the E.E.C.) and it is thought these are likely to remain major 
suppliers to the U.K. for some time. (Other sources of U.K. 
imports of wood and wood panels are given in the Appendix to 
Chapter 6 , Table 1).
Only 10% of imported solid wood and panels come from other E.E.C. 
countries. If there is a world shortage of timber, then the U.K. 
cannot rely on favourable trade agreements to meet its timber 
requirements.
As regards the imports of pulp and paper and board, the U.K. 
relies heavily on the Scandinavian countries for these 
requirements. 53% of the U.K. imports of pulp and paperboard came 
from these countries in 1979 (E.A.O., 1981.).
2.3 Type of Wood Imports
Section 2.1 showed that the proportion of raw and processed timber 
imports has changed over recent years. Table 2, in the Appendix, 
illustrates these changes. This reflects the trend among the 
countries expecting raw material to add value to the raw materials 
before they export them. The following are some approximate 
examples of the first stage of adding value in respect of timber.
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Value of tonne by
Price at~ Port (£/t)_____ adding value
pulpwood 14 as paper 80
chipwood 11 as chipboard 40
sawlogs 20 as sawn timber 42
(Crawford, 1979)
Most of the timber imported into the U.K. is softwood, the details 
of which are given in Table 3, in the Appendix.
Homegrown hardwood timber accounts for around 30% of U.K. 
consumption of sawn timber while homegrown softwood only 
contributes 5% towards U.K. demand. The actual volumes produced, 
however, are roughly the same (350 x 10^M^).
Sawn Softwood
Construction is the major use and this has been stable at 70-75% 
of total consumption since the early 1960s. Future growth largely 
depends on new construction, but this has been declining in recent 
years. Home improvement is a growth sector moving against the 
generally downward trend in sawn softwood consumption.
In the future an increasing proportion of sawn softwood 
requirements will be supplied by home grown timber, i.e. when the 
large areas of F.C. conifers, planted since the war, become ready 
for felling (see Chapter 2 on the age-structure of the forest area 
in the U.K.). The situation has some relevance to the marketing
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of timber in the U.K.: because the U.K. only produces about 8% of 
its annual timber requirements one might expect that there should 
always be a satisfactory ready market for its forest produce.
However, using the data from Table 3 (in the Appendix), dependence 
on imported sawn softwood may be around 95% (average of 1970, 1975 
and 1977) but on sawn hardwood only 73% (see also Chapter 10).
Sawn Hardwood
The market is far smaller than for softwoods. Annual consumption 
has fallen from 1.8 million in 1955 to 1.3 million in 1979. 
About 60% of hardwood imports come from the tropics. The main 
uses are for joinery and flooring (40% of total consumption) and 
furniture, also about 40%.
The high cost of hardwoods relative to substitutes is the main
reason for the decreasing use in furniture production.
Wood-Based Panels
The market for wood-based panels is dominated by the construction 
and furniture industries. Table 4 (Appendix) gives the volume of 
imported and home produced panels for the four panel products
groups. The majority of wood-based panels consumed in the U.K.
are imported and since 1960 the proportion imported for all the
panel product groups has increased steadily.
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The major use of plywood is for partitioning, panelling and 
concrete shuttering in construction. Over recent years there has 
been a sharp fall in the use of plywood for furniture, reflecting 
the rapid penetration of particle board into this sector.
The market for particle board is the most rapidly expanding of all 
forest product sectors. In 1960 consumption in the U.K. was less 
than 70,000 tonnes, by 1979 it had risen to nearly
1.5 million tonnes.
Construction (34%) and furniture (42%) are the dominant uses. The 
wood-based panel sector has been dominated by the spectacular rise 
in the consumption of particle-board which has continued despite 
the economic recession (C.A.S., 1980).
The major uses of fibre board are doors, furniture, D.I.Y. and 
joinery items.
3 U.K. Consumption Forecasts
The F.C. (1977) have carried out forecasts of demand for 
industrial wood products in the U.K., covering the period 1972 to 
2025. These F.C. estimates have been revised by C.A.S. (1980) as 
it is thought the F.C.'s short term forecasts into the 1980s are 
high. This is because the base years of the projections made by 
the F.C. were a period of unusually high demand (1972-4), followed 
by a world depression.
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The F.C. used a very complex forecasting model which gave 
consideration to the main sectors of wood product requirements. 
The economic indices used were population increase and G.D.P. per 
head increase. In addition, a set of income elasticities of 
demand is applied to wood product consumption. For sawnwood and 
paper and paperboard, there are different levels of income 
elasticity of demand corresponding to different ranges of income 
index per head of population. For panels, income elasticities are 
assumed to vary with time rather than income per head of 
population. Finally a market-oriented approach differentiates 
between the three wood products: by using different income
elasticities for each of the wood products (panels paper and 
board sawnwood) the G.D.P. per head and rates of increase in 
income per head are incorporated into a complex forecasting model.
Table 3 sets out the details of these assumptions made by the F.C.
Income Elasticity: This is the % change in per capita consumption
per 1% change in per capita income. A positive income elasticity 
implies that as income per head of population rises so does wood 
product consumption per head of population. A negative income 
elasticity implies that as income per head of population rises 
consumption per head of population actually falls. This is most 
readily observed in the case of fuelwood when, as standards of 
living rise, gas, electricity and coal are substituted for wood as 
a means of heating.
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i
TABLE 3 ASSUMPTIONS FOR F.C. FORECASTING MODEL
Population Increase: 0.16% p.a. to 2000 and 0.12% p.a.thereafter
’Low' ’High’
G.D.P.: 1.5% to 1985 & 2.5% to 1985 and
2.0% thereafter 3.0% thereafter
INCOME ELASTICITIES OF DEMAND
Paper & 
Sawnwood Paperboard Panels
Paper & 
Sawnwood jPaperboard Panels
Y<40, 1.0 Y<70, 1.4 1972-85,1.5 Y<40, 1.0 Y<70, 1.60 1972-85,1.8
Y40-95,0.3 Y70-140,0.95 85-2000,1.0 Y40-95,0.3 Y70-140,1.05 85-2000,1.4
Y>95, -0.2 Y>140, 0.8 2000-25,0.8 Y>95, 0 Y>140, 0.90 2000-25,1.0
Y = Income per head index. The F.C. have set this index for 1972, for 
developed countries, at 1 0 0 = 2 , 2 0 0  dollars
SOURCE: F.C. (1977)
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G.D.P.: Consumption has not yet regained the levels of 1972-74
and the higher rates of G.D.P., forecast by the F.C., will 
probably not be attained;. The results of the F.C. forecast are 
given in Table 4. The estimates assume no change in yield of wood 
products per unit of roundwood from the 1972 level.
TABLE 4 ROUNDWOOD REQUIRED FOR INDUSTRIAL WOOD PRODUCT 
CONSUMPTION; 1972 AND FORECASTS
Rate of increase Income 1972 FORECAST
in G.D.P. ____  Elasticity (Actual) 1985 2000 2025
High
Low
High
Low
High
44.3
44.3
Low
mi llion w.r.m.e. per
57.5 82.6 150.9
54.6 72.4 120.0
52.3 66.1 97.0
50.7 60.8 83.5
annum
SOURCE: F.C. (1977)
It is generally thought that the estimates are too high for the 
reasons stated previously. (Base year and G.D.P. assumptions).
C.A.S. (1980) have revised these F.C. estimates and the resulting 
estimates are probably the most realistic and up to date 
available. The basis of these revised estimates is a
market-oriented end-use analysis undertaken by the Department of 
Forestry and Wood Science, University College of North Wales, 
based on 1968 to 1972 data and used to analyse consumption trends
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in forest products. The revised estimates are lower than the
F.C. forecast, especially for the paper and board sector (see 
Table 5 in the Appendix). Looking at the F.C. forecast, the
G.D.P. assumption is the most critical for paper and board and 
wood panels. Only when the G.D.P. growth rate is assumed to be 
high does the income elasticity assumption become really 
important. However, the high rate of G.D.P. growth, used by the 
F.C., is unlikely to be attained. This places the F.C. estimates 
in a much narrower set of limits, e.g., paper and board, the year 
2000; 11.5-12.1 txlO^. For sawnwood and panels, the C.A.S. 
estimates are very similar to those of the F.C., but the paper and 
board estimates by the F.C. are much larger than those by C.A.S.
In the 'unadjusted* total it is assumed there is no improvement in 
recovery rates, i.e., the roundwood conversion factors used by the 
F.C. have been applied. However, changes in technology resulting 
in increased yield from the raw material have been forecast 
(F.C., 1977). The rates of increase which have been proposed are, 
9% by 1985, 15% by 2000 and 25% by 2025. C.A.S. regard these
rates as being unrealistic and suggest rates of 5,10 and 15% for 
1985, 2000 and 2025, respectively. This change in technology
mainly refers to the use of tops, branches, stumps and roots which 
at present are left in the forest after harvesting. These amount 
to about 45% of the total volume of a conifer.
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After applying these increases in yield, the demand is given in 
the 'adjusted’ total row of Table 5 (Appendix). It is worth
noting how the material requirement is expected to change over 
time. In 1972, the roundwood required to meet the total U.K. 
consumption was approximately 40% in the form of sawlogs and 60% 
in the form of roundwood chips and waste - used in the manufacture 
of chipboard, paper, paperboard and fibre board. By the year
2025, the balance is expected to alter to 20:80 owing to an
increase in the demand for products of sawlogs of only 1 .8 % 
(consumption per head will actually fall), compared with a 
doubling and trebling of that for material used in the manufacture 
of paper and board and wood panels.
Conclusion The forecasts by the F.C., C.A.S. and others (e.g.,
E.C.E., 1976) all suggest a substantial increase in the U.K.
demand for forest products over the next 50 years. The major 
reason for this increase in consumption will be increased personal 
income, with population growth having less effect. C.A.S. (1980) 
are of the opinion that even if the projected rate of income 
increase is not achieved and consumption rises less than forecast, 
there will still be a substantial gap between supply of timber 
from U.K. forests and demand for timber products. The next step 
is to look at the future provision of timber supplies in the U.K., 
and determine the actual shortfall of supplies.
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4 U.K. Wood Supply Potential
4.1 Present Production At present the forest area supplies 
around 8 % of the U.K. timber requirement. In 1977 the U.K. 
produced just over 4 million M 3 of timber (Table 5).
TABLE 5 U.K. TIMBER PRODUCTION, 1977 
ID3 M3 OVERBARK
Sector______ Softwood______ Hardwood______ Total
F.C. 2020 40 2060 (D.A.N.I.: Dept.
D.A.N.I. 45 negligible 45 Agric.
Private G.B. 908_________ 1160 2068 N. Ireland)
TOTAL 2973 1200 4173
SOURCE: C.A.S. (1980)
Total F.C. production increased to 2326 xlO3 M 3 in 1979 (F.C., 
1980). The private sector will continue to dominate hardwood 
production, which should remain at around 1.0-1.2 million M 3 per 
annum until 2000. Total hardwood production should increase to 
1.75 million M 3 by 2025 and is expected to be slightly under 
2 million M 3 by 2050 (Table 6 ).
It is therefore only F.C. softwood production which is expected to 
increase in the period up to 2000. This is likely to rise to
7.2 106 M 3 per annum by 2000 when three-quarters of U.K. 
production is expected to come from state-forests. Up to the year 
2 0 0 0 the potential production is largely determined by the 
characteristics of the present forest area.
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4.2 Potential Future Wood Supply
To estimate wood supply after the year 2000 it is necessary to 
consider the F.C. planting programme and the probable levels of 
planting in the private sector. This has been done by the F.C. 
(1977), who estimate that by 2000 total wood production should 
reach approximately 8.7 million M3 and by 2025 it will be in the 
region of 14.8 million M 3 (Table 6 ).
TABLE 6 FORECAST OF ANNUAL PRODUCTION, M3xl06 OVERBARK
Softwood 
Hardwood 
Total
2000 
Brit. N.I. U.K.
2025
Brit. N.I. U.K.
2050
Brit. N.I. U.K.
7.0 0.2 7.2 12.8 0.25 13.05
1.3 0.2 1.5 1.5 0.25 1.75
16.8 0.25 18.05 
1.7 0.25 1.95
.3 0.4 8.7 14.3 0.5 14.8 18.5 0.5 20.0
SOURCE: C.A.S. (1980) AND F.C. (1977)
Thus, home production should, by these estimates, supply around 
20% of projected increased demand by 2025, i.e., based on the
'adjusted’ total in Table 5, in the Appendix.
4.3 Increased Supply from Residues and Recycling
Without actually increasing the planting rate, it may be possible 
to increase supply by using more of the raw material and recycling 
discarded products.
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4.3.1 Forest Residues
This has already been incorporated into the forecasts of U.K. 
timber consumption, i.e., the use of branches, stumps, etc., left 
after harvesting. At present the use of these residues is at the 
experimental stage with little being actually used.
Recent research suggests that fibre raw material from whole-tree 
hardwood chips and whole-tree pine chips might be suitable as 
additional raw material for pulp and paper (Birkner and 
Co., 1978).
C.A.S. (1980) suggest that the most optimistic level of recovery 
would be 25% of forest residues. At present price levels the 
value of this resource is very low, but of course if timber prices 
were to increase dramatically the use of residues may become 
worthwhile.
4*3*2 Industrial Wood Residues
At present 25% of the industrial wood residues of the imported 
timber trade and the furniture industry are not used 
(Albanis, 1978). The major uses of residues are the particle 
board industry and pulp mills. It is not thought that 
technological advance will be the decisive factor in the increased 
utilisation of unused residues. It is more likely that as fuel 
costs rise there will be greater use of residues as a source of 
fuel, e.g., in the heating of factories.
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4.3.3 Waste Paper
Throughout the seventies the use of waste paper and board has 
increased substantially from a recovery rate of 26% in 1960 to 31% 
in 1977. In 1976 the use of waste paper in paperboard manufacture 
accounted for 46% of total input (Birchmore, 1979). It is likely 
that the use of waste paper will increase in the future as it has 
a number of advantages as a source of wood fibre; low cost, 
location of point of supply close to point of processing and the 
expansion of potential supply with rising demand for paper. There 
is also a considerable price advantage over wood pulp. Total 
quantities of recovered paper will also increase as de-inking 
technology and urban collection improve.
In theory it is possible to make every grade of paper entirely
from waste paper, provided that the available waste paper has the 
same technical properties as the new paper. Practically, 
technical limits are set by the types of waste paper actually
available. In Britain there are 80-90 waste paper merchants and
integration with paper mills is well advanced; over 70% of the
waste paper requirements are supplied by integrated waste paper 
merchants.
Birkner & Co. (1978) are of the opinion that further expansion of 
the paper making capacity in western Europe will be based on the 
use of waste paper as the principal raw material.
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Nevertheless, technical, factors are expected to limit an increase 
in the amount of waste paper recycled to 70% of the input. Such
an advance would mean that the same quantity of paper could be
produced using only 60% of the present volume of timber.
Precise estimates on how much supply would be increased by the use 
of industrial residues and waste paper are impossible to make. 
Much will depend on the future price of timber and this will be 
discussed in Section 7.
3 U.K. Timber Supply and Demand: Conclusion
Table 7 summarises the forecasts which have been made for future 
supply of raw timber and the likely level of consumption of wood 
and wood products in the U.K.
TABLE 7 FUTURE U.K. TIMBER SUPPLY AND DEMAND
YEAR_________  1977 2000_______ 2025
Supply • 3.7* 8.7 14.8
Demand 38.5______ 55.0_______ 75 .0
Shortfall 36.1 46.3 60.2
M3xl0 6 w.r.m.e., per annum
* includes 1.3x10^ M 3 exported timber.
Total imports in 1977 were 36.1 M3xl06 w.r.m.e. The volume of 
imports required to meet the difference between home timber 
production and consumption will have to increase by 28% by the 
year 2000 and 67% by 2050. This assumes there will be no
additional planting, other than the continuation of the historic 
planting rate. The alternatives open to the U.K. are to continue 
to import the shortfall of timber, indicated in Table 7, or to 
increase home timber production. Whether there will actually be a 
choice will depend on the future levels of timber supply and 
consumption in the world.
The price of timber will also become critical. If there is a 
shortage of timber, then the real price of timber may increase, 
depending on the price elasticity of demand for timber. An 
increase in supply and a reduction in consumption may then be 
observed. (Section 7 will discuss this more fully).
6 World Timber Demand and Supply
6 .1 Present Consumption
Table 8 gives the volumes of the world roundwood harvest since 
1966.
TABLE 8 WORLD HARVEST OF ROUNDWOOD PER ANNUM, Million M3
Year Industrial wood_____ Fuelwood*_____ Total
1966 1184 1050 2234
1972 1310 1140 2450
1976 1340 1184 , 2524
Source: F.A.O. (1978) * includes charcoal
It is likely that the figures for fuelwood are underestimated by 
F.A.O. as large amounts of locally used timber are not recorded, 
especially in the developing countries of the world. (See 
Section 6.2 for 1981 estimate).
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6.2 Future Demand for Wood and Wood Products
The critical factors which will effect future demand for wood and 
wood products include;
1 Population growth.
2 Growth of income (G.D.P. per capita).
3 Substitution by and for other materials - which depends 
largely upon the relationship of wood prices to other 
materials.
4 Technological change.
5 Social and political attitudes.
Population growth and income per head of population are thought to 
be the dominant factors. Several estimates of future world 
consumption have been made, and these are summarised in Table 9.
A great deal depends on the prospects for economic growth, and 
C.A.S. (1980) have used the forecasts of the World Bank 
(I.B.R.D., 1978).
TABLE 9 WORLD DEMAND FOR WOOD AND WOOD PRODUCTS AT CONSTANT 
PRICES, MILLION M3
YEAR______ C.A.S._______ F.C._______F.A.O.________ Madas
2000 5090 4500 5500 4200-5000
2025 9348 7000 n.e. n.e.
Source: C.A.S. (1980), F.C. (1977), F.A.O. (1978) and
Madas (1974)
n.e.: not estimated
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To appreciate the difficulty in making these estimates and why 
there is a divergence of results it is necessary to consider the 
assumptions behind these forecasts.
Economic Growth: C.A.S. regard the growth in G.D.P. used by
F.A.O. as too optimistic. The growth in G.D.P. and population 
used by C.A.S. were based on World Bank estimates for 6 economic 
groups of countries, while the F.C. simply used a division between 
developing and developed countries of the world. The World Bank 
groups are; low income developing countries, middle income 
developing countries, capital surplus oil exports (C.S.O.E.), low 
income centrally planned economies and industrialised countries. 
For this reason the C.A.S. forecast must be regarded as being more 
realistic.
Income Elasticity of Demand: Again the C.A.S. forecast is based
on a more rigorous analysis as regards the use of income 
elasticities of demand. C.A.S. use different elasticities for the 
income groups and for different forest products: i.e., sawnwood, 
wood panels, paper and paperboard, other . industrial wood and 
fuelwood. The F.C. have a set of ’high’ and ’low’ income 
elasticities, but they are used for both developing and developed 
countries.
Fuelwood: In the forecasts it has been assumed that total demand
for wood and wood products will outpace population growth. 
Incomes are expected to rise and a proportion of the increase per 
capita will be spent on additional wood and wood products.
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Fuelwood has been regarded as an important exception. For 
fuelwood, in the F.C. report, a global projection is based on 
increase in population and G.D.P. per capita and two levels of 
negative income elasticity. C.A.S. suggest the demand for 
fuelwood will increase by 1.5 to 2 % annually, i.e., it is assumed 
the population increase will more than balance the expected move 
away from fuelwood. It is probable that the C.A.S. estimates are 
more accurate and the F.C. forecast for fuelwood is an 
underestimate. Table 10 gives the different estimates.
TABLE 10 WORLD DEMAND FOR FUELWOOD
YEAR____________F.C.___________ C.A.S. Million M 3
2000 1600 2330
2025 1800 3480
Source: F.C. (1977) and C.A.S. (1980)
This is because the F.C. forecast is based on 1972 data while 
C.A.S. have used 1976 data. C.A.S. also have had the benefit of 
considering Openshaw's (1978) suggestion, that the fuelwood 
figures for 1976 are considerably underestiamted. C.A.S. use 
figures of 1451 million M 3 for 1976 instead of 1184 million M 3. 
(See Table 8 ).
In fact the 1981 estimate by F.A.0. (F.A.O., 1981) for 1976 is
1508 million M3* This discrepancy in estimates highlights the 
difficulty in determining the volumes of roundwood used for fuel 
in the world.
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Use of Wood Residues and Recycling: Both C.A.S. and the F.C. have
re-adjusted their estimates to include an increase in the use of 
residues and greater recycling.
C.A.S.: An adjustment has been made for residues and recycling on
the basis that present levels of residue use will continue, but 
the world average will not be improved. This assumption has been 
made as recycling requires a well co-ordinated system of 
collection and marketing.
Changes in technology will also affect the volume of roundwood 
required to meet total world demand. The greater the volume of 
end product obtained from each cubic metre of roundwood, the 
smaller the aggregate volume of roundwood required to meet the 
demand. At present harvesting and conversion methods used in less 
developed countries are wasteful and there is little sign of 
improvement. As the proportion of the world’s industrial wood 
demand located in these countries is expected to rise from about 
16% in 1976 to more than 45% in 2025, the technical performance of 
less developed countries will have progressively more influence on 
average conversion factors. C.A.S. have therefore assumed that 
world average conversion ratios in wood manufacturing will remain 
unchanged.
F.C.: The F.C. assumptions on recycling and conversion ratios are
much more optimistic. This partly explains why their world 
consumption forecasts are much lower than those of C.A.S., i.e.,
the F.C. assume:
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1 a 7.5% increase in utilisation of the standing tree
2 there will be improved conversion efficiency in the sawmills
3 that residues from sawmills and plywoodmills used in pulping
will increase from 30% in 1972 to 40% in 2000 and 50% in
2025.
Substitution: Neither the F.C. or C.A.S. assume that there will
be significant substitution of timber for other products or 
vice-versa. The F.C. explain: 'On the demand side it is not
considered that significant changes in tastes will occur. 
Although prices of common products capable of replacing, or being 
replaced by wood, may display different trends from the past,
there is no basis for forecasting such change'. It is unlikely
that wood will significantly be replaced by materials such as 
steel, aluminium, concrete or bricks, which are energy intensive 
and therefore liable to become more expensive in the long run.
Having considered the assumption behind the various forecasts, it 
has been decided that the C.A.S. forecast probably gives the more 
realistic estimate of future world consumption of wood and wood 
products.
However, during the period since C.A.S. made these projections, 
the World Bank has, of course, reconsidered the assumptions for 
growth of per capita G.N.P. and populations (I.B.R.D. 1980). It 
appears that the projections for 1976-2000 for G.N.P. growth used
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by C.A.S. are now thought to be too high. For this reason the 
projection of world timber demand made by C.A.S. has been 
re-calculated using the updated assumptions for per capita G.N.P. 
growth and population growth for the period up to 2000. The 
income elasticities of demand for wood and wood products have not 
been changed.
Table 6 , in the Appendix, shows the difference in growth of
G.N.P. per head assumed in 1978 and in 1980 (I.B.R.D., 1978
revised by C.A.S. and I.B.R.D., 1980). The forecasts for G.N.P. 
growth are based on a ’low' and 'high* case by the World Bank for 
the period 1980-1990. These are based on alternative policy 
responses to current economic difficulties. The low case shows an 
unsuccessful adjustment in 1980-85; though payments imbalances are 
reduced, growth remains depressed and inadequate foundations are 
laid for recovery after 1985. The high case represents a much 
more successful adjustment, with growth slowing less in 1980-85 
and accelerating thereafter. Whether the outcome will be closer 
to the 'high' or the ’low’ case will depend on the policies 
pursued by the industrialized countries, the capital-surplus oil 
exporters and the developing countries themselves. The World Bank 
are of the opinion that the low case is much more likely: ’The
seeds of the low case are already being sown - on current 
prospects, aid for the low-income countries is far from certain to 
meet the modest requirements of the high case and some 
middle-income countries are experiencing both debt and political 
difficulties’.
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The population growth of the various country groups has also been 
modified for the period 1976-2000. These are given in Table 7, in 
the Appendix.
Using the income elasticities applied in the C.A.S. forecast, an 
updated forecast was made for the various wood products. These 
are given in Table 8 , in the Appendix, adjusted for residue use 
and recycling, along with details of the C.A.S. forecast for 
comparison.
The 'new' fuelwood forecast is based on a 1976 consumption 
estimate of 1508 million M3* The projection of future consumption 
is based on Openshaw's (1978) prediction that consumption will 
increase by 1 .5-2.0% annually.
If the 'low' case is more likely, then the future demand for wood 
fibre will probably be less than C.A.S. suggest. A great deal 
depends on the future growth of per capita G.N.P.
6 .3 World Wood Supply Prospects
F.A.O. estimate that the total world forest area is around 3,800 
million hectares. The growing stock of the area is estimated to 
be over 300 billion M3. Annual removals of wood are only around
2.5 billion M 3 which is about 1M3 per hectare of operable forest.
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It is difficult to say whether these estimates are correct as it 
is imposible to assess accurately the volumes of standing timber 
in the world.
It is equally difficult to estimate the annual yield that could be 
obtained without depleting the reserve, especially as so few areas 
are under management. There have been considerable differences in 
the estimates for the current woodland area and growing stock of 
the world, especially for the Latin American countries. Table 11 
summarises the estimates by C.A.S. (1980) for the future world 
supply of timber, along with projected demand. Besides these 
estimates by C.A.S., the updated demand forecast and variations on 
the supply side have been included.
The C.A.S. estimates are based on a 90% increase in the annual cut 
(2.5% p.a.) from 1974 to 2000 and a 45% increase (1.5% p.a.) from 
2000 to 2025. This cut would represent an annual yield of less 
than 2 M 3 /ha.
The annual cut has also been estimated assuming an increase of 2.0 
and 3.0% p.a. for 1974 to 2000 and of 1.0 and 2.0% p.a. for 2000 
to 2025. The average annual rate of increase in industrial wood 
removals for the world has averaged 2 . 2  t 0 .0 2 % for the decades 
1954-64 and 1964 to 74. During these two decades, most regions or 
countries have shown a convergence of rates of growth towards the 
world average rate of increase, the range being 1 .1% to 5 .3 5 % per 
annum in the first decade and 1.4% . to 3.7% in the second 
(F.C. 1977).
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i
Year
2000
2025
TABLE 11 WORLD WOOD SUPPLY AND DEMAND
Increase
_________ Supply__________p.a. (%)_____ Demand
low 4100 2.0 4677
mid 4655 2.5 5090
high 5284 3.0 5172
low 5970 1.0 8215
mid 6754 1.5 9348
high 7638 2.0 9800
million per annum
Shortfall
577
435
none
2245
2594
2162
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The F.C. (1977) do not make precise estimates of future supply but 
conclude that;
1 World supplies might increase by the year 2000 to match the 
projected demand of 4500 million of roundwood at constant 
prices.
2 By the year 202 5 world supplies might fall short of the 
projected demand of 7000 million M^.
A comparison of the projected supply and demand figures for
roundwood made by C.A.S., does not give such an optimistic
.picture.
The following seem to be the important assumptions in considering 
the future world supply of timber.
1 Much of the timber in natural forests is not harvested but
merely burnt to waste. In some developing countries forest 
land is being lost through shifting cultivation and failure 
to replant or regenerate I e 1 Led areas. I t i.s suggested that
losses are greatest where there is potential for increasing
the forest cut, i.e., in South America, Africa and U.S.S.R.
2 It may well be that prices must rise considerably and new 
technology be introduced before forests in the remoter areas 
of the world can be exploited.
3 The non-timber uses of many forest areas are considered to 
be of greater value than the timber value. This may exclude 
large areas of forest from being harvested.
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4 Timber from plantations, rather than natural forests, offers 
the prospect of much greater yields from a smaller area in 
the future. This was an important factor in the F.C. 
estimates of future world supply. However, plantations 
represent less than 3% of the total forest area at present 
and considering the efforts made to promote plantation 
forestry in the tropics over the last 50 years it seems 
unlikely that plantations will have much influence on world 
timber markets for some time. Moreover, much of the effort 
being made to increase areas of tropical plantations aims to 
satisfy internal deficits rather than export markets.
6.4 Conclusion
Table 11 suggests that by the year 2000 there may be in the region 
of 400 million M^ of unsatisfied demand at fixed prices. By 2025 
this could have increased to around 2600 million M^, i.e., 28% of 
total demand at fixed prices. (Based on the 'middle' estimates, 
i.e., by C.A.S., 1980). It would appear that these shortfalls of 
supply are in no way exaggerations. This is because the estimate 
of world supply depends on, (a) doubling the yield from existing 
forests and (b) on stopping the destruction of natural forest. If 
these conditons are not met the supply deficit will come earlier, 
it will be much greater and considerable increases in the price of 
timber can be expected.
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7. Timber Prices and the U.K.
If there is a world shortage of timber the U.K. is in a poor
position as it imports 90% of its timber requirements. The price
of timber will become very important with regard to the cost of 
importing timber and also the effect is has on future supplies and 
consumption levels. (In the preceding section the projected
shortfall of timber supplies was estimated at fixed prices).
7.1 Recent Trends in Timber Prices
Between 1970 and 1977 the price of the major wood products rose 
about 30% in real terms (T.T.F., 1979). Figure 1 shows there has 
been a sharp fluctuation in the price of timber. In late 1972 and 
early 1973, in common with many other commodity prices, the price 
of imported wood and wood products rose rapidly and by late 1974 
they were in real terms nearly twice the level of two years
before.
The effect of this increase in prices was twofold. With a delay 
of anything from a few weeks to a few years, producers were able 
to increase supply and this they did. At the same time consumers 
considered switching to alternatives or making do with less of the 
more expensive product. Linked with the general rise in prices, 
the governments of most industrial countries reduced demand in an 
effort to control inflation and to improve their balance of 
payments. These effects led to supply being in excess of demand. 
The reaction of producers was partly to lower prices in an effort
YEAR 
<
1
9
0
0
)
-  -
-  -  -  M  .'^RlCfe inqgx w  w  _>x
N) U1 00 —  vj O  4*
C S ) —* C O - ^ C D O O C D —* K )
'mi i i >p i rni i r i| i i n m in i i i i m i n m n m i |riim ii i |i in i iiii | iu m  i ii| rrn r m i|in nnrr
CO
c:
— i
00
~i I I I n I I I 11 m  i t m  I n it n I ij.t.1-1 j-t-l li.uJ. i i i l i i i i i i i n l i i i i i n i i l . i i i i m i l i i i n i i i i l i i i i i i
o □ X + <
o "U “0 “0 CO
o r~ <z r~ o
2 : m > r~ TI
o i CO “0 aC —i
/D o —I O
m > 1— I o o o
— i V) o o o o
m —i 0) o o
FIGURE 
1. 
WHOLESALE 
PRICE 
INDEX 
1970 
: 
100
- 257 -
to protect their market share and partly to cut back production 
and thus bring supply back into line with demand. This explains 
the fall in the price of imported softwood after the boom in 
prices.
Figure 1 also shows the price of competing materials, i.e., 
plastics, steel and concrete: the price of wood and wood products 
have risen faster than those materials, so there has been some 
substitution; plastics have replaced some uses of paper and 
paperboard in packaging; steel and concrete have sometimes 
replaced wood in construction.
Figure 2 shows a number of indexes and unit values for paper and 
pulp together with unit values of small-sized standing conifers. 
The unit values for imported newsprint and board show that over a 
short run of years prices of some products may be rising in real 
terms while others are falling. This can happen because of 
competitive conditions in particular markets or from features of 
pricing, e.g., commodities priced in $ will tend to show a rise if 
the $/£ rate is falling and vice-versa. The graphs in Figure 2, 
are all plotted on the same scale ( 1  cm = l year horizontally and 
a log scale of 1 cm = 1 . 2  vertically) and that for trees
illustrates the greater relative changes in the value of the 
standing tree compared with products derived from it.
7.2 Future Price Levels of Timber
The future price of timber will depend on the availability and 
demand for timber. In Section 6.3 it was suggested that world
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demand will exceed world supply by the year 2000. Estimates of 
future price trends will depend on the assumption made about the 
way consumers and producers react to the market price. However, 
because of the numerous factors affecting the market price of wood 
products, conclusions drawn on the basis of forecasts of the 
future position of demand and supply curves can only give an 
approximate indication of price. In particular, the supply side 
is very imperfectly understood and forecasting supply of products 
at various prices is extremely difficult.
1980-2000: In this period supply will be more or less inelastic
as timber supplies will be determined by past planting rates. If 
the shortfall of timber supplies becomes noticeable the resulting 
increase in timber prices may cause the supply of timber to 
increase, i.e., by shortening rotations and depleting existing 
timber stocks, but this would be at the expense of timber supplies 
beyond 2 0 0 0 .
2000 onwards: Beyond 2000 supply will not be inelastic as higher
prices in the period 1980-2000 should result in an increase in 
forest planting which will reach felling age by 2025. It is 
therefore necessary to forecast the price of timber in the period 
1980-2000 in order to predict the likely level of world supplies.
7.3 Price Elasticity of Demand
Estimating the price elasticity demand for timber is very 
problematical and the detailed analysis is given in the
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Appendix. This analysis leads to the conclusion that the price 
elasticity of demand for timber lies in the range -0 . 2  to -0 .6 .
7.4 Price Projections and Consumption Levels
Up to the year 2000 supply will be more or less fixed and
inelastic, therefore any gap between supply and demand at present 
prices must be closed by a price induced fall in demand. By 2000
it is expected that the shortfall in supply will be over
400 million (Table 11) and prices will rise. The effect this
deficit will have on timber prices is outlined in Table 12.
TABLE 12 PROJECTED REAL PRICE INCREASE BY 2000 AND 2025 (%)
2000 I 2025
ELASTICITY OF DEMAND ELASTICITY OF DEMAND
Demand schedule -0.2 -0.3 -0.5 -0.6 -0.2 -0.3 -0.5 -0.6
Linear 44 29 18 15 230 154 92 77
Exponential j 52 32 18 15| 564 254 113 88
For the linear demand schedule, the price change has been
calculated assuming point elasticity, i.e.,
dQ P
e =__• _  ,
dP Q
where Q is the quantity demanded and P is the price. For the 
exponential schedule the following relationship has been used,
i .e
d log Q 
e = _______
d log P
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It would appear likely that by 2 0 0 0 the price of timber will have 
increased by at least 30% in real terms. In the long term it is 
difficult to make predictions with any degree of certainty. This 
is because increased prices up to 2 0 0 0 should stimulate further 
planting and investment in forestry, which will act to reduce the 
price rise. Moreover, rising prices will probably lead to a more 
efficient use of wood and therefore reducing the total volume of 
raw material required for the demand for wood products. This, 
however, was considered in Table 9 (forecast of world roundwood 
demand to meet wood product demand), which included adjustments 
for greater recycling and use of residues.
By 2025 prices could rise by around 100% in real terms. This 
will, again, lead to increased afforestation especially in the 
developed countries, but the evidence still suggests there will be 
substantial increases in the real price of timber in the future. 
If the elasticity of demand is low, and the demand schedule is 
exponential, then the price increases will be dramatic.
® Implications for the U.K.
In the last section, a world shortage of timber was forecast and 
as a result timber prices will increase substantially in real 
terms. Tn this section the implications of the U.K. continuing to 
import 92% of its timber requirements will be discussed.
8.1 The Cost of Imports
In addition to the impact of traditional demand on timber prices,
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other factors could also force up the price of imported wood and 
wood products.
1 All countries are now seeking to add value to raw materials 
before they export them. By doing so, employment is created 
and the countries' trading balance of payments improve. 
Table 2, in the Appendix, illustrates this point. In 1960 
41% of the value of U.K. timber imports was in the form of 
raw wood, compared with 26% in 1977.
2 Timber is a highly versatile and renewable product and is 
regarded by some as an obvious replacement for finite raw 
materials. F.A.O. (1979), in pointing out that wood could 
be used as a source of energy for industry, indicate that 
"the traditional wood derived products might even tend to 
play a secondary role in the overall utilisation of wood". 
Thus timber exporting countries will tend to increasingly 
use their own surplus timber for non-traditional uses and 
the reduction in exportable surplus should again cause the 
lower volume of timber reaching the world market to rise in 
price.
In general, it is expected that the developing countries 
which export timber at present, will require a much greater 
volume of timber for their own use in the future.
3 It is also likely that further value will be added to U.K. 
imports; - by converting paper to books, chipboard into 
furniture and sawntimber into prefabricated houses, for 
example, and the cost of importing U.K. wood fibre 
requirements could double if all wood-based imports were in 
the form of finished wood products.
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In the future the choice is unlikely to be between producing 
timber or importing it, but between increasing home 
production of timber or importing finished wood products.
4 It is probable that timber importing countries like the
U.K., will be faced with higher than average price rises. 
Countries usually restrict exports of raw materials in short 
supply to protect their own industries. As a result, the 
supply of goods to international markets declines more 
rapidly than overall world supplies, with further upward 
pressure on prices. The U.K. is especially vulnerable to a 
world shortage of timber, as it imports around 1 1 % of the 
total world trade in forest products (F.A.O., 1979).
8*2 Pulp and Paper
In terms of value, pulp and paper is the most significant U.K.
import of wood fibre. In 1960 it accounted for 45% of the value
of fibre imports compared to 60% in 1977. It is also evident that
the U.K. pulp and paper industry is finding it difficult to
compete in the final product market. The problem is that British 
mills dependent on imported pulp, are forced to compete in 
increasingly free markets with Scandinavian companies which can 
influence the price of that pulp. As evidence of this, the price 
of market pulp rose by about 35% over the 18 months up to 
September 1976, while paper prices did not move significantly in 
relation to cost input (Financial Times, 22 September 1976).
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As a result the producers of high volume grades of paper, such as 
newsprint and mechanical printings, which are largely dependent on 
imported pulp, have suffered seriously. It is believed that this 
has been the result of a deliberate pricing strategy by the 
Scandinavians with the aim of making their exports of paper more 
attractive. This is further evidence to suggest that in the 
future the U.K. will not have the option either to import raw wood 
fibre or finished wood products.
8.3 Conclusion
The U.K.’s ability to pay for the same amount of wood imports at a 
higher price will depend on the exchange rate for sterling and on 
the balance of payments. If the U.K. were to continue importing 
the major part of its wood fibre requirement in the form of 
finished wood products, this would release U.K. resources now 
’tied up’ In wood processing. These capital resources could, in 
theory, be applied to other industries in the U.K., but due to 
international capital flows and the lack of desire to invest in 
the U.K., the funds are likely to be directed to overseas 
investments.
U.K. exports are traditionally industrial, competing with exports 
from other major western industrialised countries and developing 
countries that have only recently entered world markets. However, 
the general unease about the long-term competitive performance of 
the U.K.’s traditional export industries suggests that releasing 
resources from the wood processing industry sector would
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not necessarily be of national benefit. These developing 
countries have generally lower labour costs than the U.K. and will 
be in a better position to trade in industrial products for many 
years.
The general conclusion, made by several workers in the field, 
(e.g., C.A.S., 1980; F.C., 1977 and Crawford, 1979) is that
continued reliance on industrial exports to pay for raw material 
imports is a poor strategy.
9 The Need for Increased Afforestation, With Particular 
Reference to Surrey 
It must be stressed that the U.K. will always remain a net 
importer of wood and wood products. However, as the previous 
discussion has shown, it would be advisable to increase the volume
f
of home grown timber. The F.C. and C.A.S. are both in agreement 
that a further 2 million hectares of woodland should be planted in 
the U.K. This is the maximum technically feasible programme. 
This programme is based on the present age structure of British 
woodlands, . the need to provide steady employment for forest 
workers, the capacity of the U.K. forestry industry and the 
likelihood of future world timber shortages. Expansion of 
afforestation at the maximum speed of afforestation currently 
attainable, would enable the U.K. to become about 26% 
self-sufficient in timber by 2025.
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As part of this maximum wood production effort is the conversion 
of unproductive woodlands to productive forestry. There are 
around 300,000 hectares of unproductive woodland and scrub in 
Britain, and estimates suggest 100,000 ha of this land could be 
converted to useful timber production. It is therefore suggested 
that the unproductive woodlands of Surrey can play a role in the 
realisation of a maximum wood production effort in the U.K.
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CHAPTER SEVEN 
LEGAL FRAMEWORK FOR FORESTRY IN THE U.K.
1 Introduction
Government forestry policy and the legal framework for forestry 
operations have changed considerably over recent years. The aim 
of this chapter is to outline these changes and consider the 
effect the present legislation has on the private woodland owner.
2 Development of Forest Policy
2.1 The Early 19th Century
At this time the lack of timber resources of this country was 
giving rise to considerable alarm on the part of the government. 
For several centuries the area of woodland had been steadily 
diminishing, partly because of the conversion of forest to
agricultural land for wheat growing, and partly because of the 
practice of grazing cattle and pigs in oak forests. In the rural
parts of southern England wood was also used for fuel.
From the government's point of view oak for the Navy was
strategically essential and in 1808 the government decided to 
plant 40,000 ha of oak in the Crown woods. For some decades the 
work continued rather sporadically and by 1850 an area of
2 1 , 0 0 0  ha had been planted but by then the money was exhausted. 
Government interest ceased completely when the decision was taken 
in 1862 to introduce metal hulls to the naval warships 
(F.C., 1921). Meanwhile there had been a gradual slowing down of 
planting on private estates - not so much because of the sudden
- 271 -
reduction in demand for naval timber, but because of the rapid 
spread of the railways. By the end of the 1860s two-thirds of the 
railway system present in 1911 had been completed, allowing the 
transport of cheap foreign timber extensively throughout the 
country.
The timber, besides being comparatively cheap, was available in 
large quantities and, especially the softwood, was of higher 
quality than could be produced in this country. Moreover, 
imported timber was transported at favourable rates as it made a 
convenient return load for the trains carrying coal to the ports. 
The price of home-grown timber which did not have such a 
privelege, was forced down and owners were discouraged from 
planting.
2•2 World War 1
The outbreak of war found Britain almost wholly dependent on 
imports for the supply of timber. Home-grown timber accounted for 
only 10% of the total requirements (F.C., 1921). A Home-Grown
Timber Committee was appointed in 1915 with authority to purchase 
and utilise standing timber. It has been estimated that 182,000 
hectares of British woodland were felled during and immediately 
after the war (F.C., 1943).
During this period it became evident that post-war reconstruction 
of home timber resources must be carefully planned on a national 
basis. The Acland Committee Report of 1918 recommended the
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appointment of a separate Forest Authority and an afforestation 
programme of 0.75 million hectares of conifers which would
eventually make Britain self-sufficient for a 3 year emergency.
2.3 Inter-War Forest Policy
The F.C. was set up under the 1919 Forestry Act. During the first 
fifteen years of the F.C.'s existance war seemed an unlikely 
contingency and the argument in favour of a national forest policy 
lost much of its force. Consequently, in times of economic 
depression when the government adopted a policy of curtailing 
public expenditure, the Commission's grant was reduced. For
example, in 1930 the Commission's Grant-in-Aid was nearly
£1 million, but by 1933 and 1934 it had been reduced to £450,000 
(F.C., Annual Reports). Similarly, the F.C.'s grant was reduced 
in the early 1970s; from £16 million in 1971 to £13.5 million in 
1974.
Private Forestry: The 1919 Forestry Act stipulated that local
authorities and private individuals should be responsible for the 
afforestation of 45,000 ha in the first decade. The main means of 
assistance were proceeds-sharing schemes, grants and loans. The 
proceeds sharing and loan schemes proved unsuccessful.
Grants did meet with some success, but not at first, the main 
reason being that landowners were bound to repay the grants at 
compound interest if they made a profit out of the planting 
project for which grants had been paid. This condition was
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repealed in 1923 and as a result 30,000 hectares were planted by 
private landowners in the first decade of the inter-war period.
However, by 1939 only 51,000 ha had been planted by private 
landowners and the position was further aggravated by the fact 
that for several years after the war felling without adequate 
replacement of the crop continued. As a result, the area of 
unproductive woodland grew (Lorrain-Smith, 1967).
2.4 World War II
During the inter war years the F.C. built up a forest estate of
284,000 hectares. However, much of it was still in the very young 
stages and was not large enough to yield sawn timber and 90% of 
the home supply during the war came from private woodlands.
By the end of the war 60% of the softwoods and 40% of the 
hardwoods had been removed and extensive damage had been done to 
the already imbalanced age-class structure.
2.5 Post War Forestry
The Forestry Act of 1945 simply restated the case for increasing
the area of British forests and emphasised their strategic role.
The 1943 policy statement recommended the establishment of a
forest estate of 2 million hectares. Private owners were assigned
%
to planting 10,000 ha annually. To assist private landowners meet 
this target a scheme to be known as the 'Dedication Scheme' was
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outlined whereby landowners would dedicate their land to the 
production of timber and in return would receive grant aid.
The turning point in post-war forestry policy came in 1957 with 
the publication of the Zuckerman Report (Natural Resources 
Committee, 1957). This report argued that the strategic case for 
a massive stock of standing timber was no longer tenable given 
that a nuclear war would probably be short. However, Zuckerman 
emphasised that forestry could make an important contribution to 
the balance of payments. The 1963 policy statement outlined the 
economic and social purposes of forestry. The role of forests for 
public recreation and in enhancing the beauty of the countryside 
became additional objectives of forest management.
A government inter-departmental cost-benefit study (H.M. Treasury, 
1972) claimed that the prevention of rural depopulation must be 
brought into the reckoning in order to help justify the level of 
afforestation at that time. The F.C. publication, 'The F.C.'s 
Objectives' (F.C., 1977), restated the F.C.'s aims: Timber
production for industry; the protection and enhancement of the 
environment; the provision for recreation facilities; the 
stimulation and support of local rural communities.
A ministerial statement (Davies, 1977) reiterated the government's 
aims for private forestry in relation to timber production and 
land use and introduced administrative procedures for a Small 
Woods Planting Grant Scheme.
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3 Current Government Forestry Policy
The election of the Conservative Government in 1979 brought about 
a re-assessment of forestry policy, less because of confidence on 
the Government's part that the market could best allocate 
resources to forestry than from an urgent search for reductions in 
public expenditure (Miller, 1981).
Although the F.C. would not be allowed to expand its planting, 
both public and private planting would continue at broadly the 
same rate of the past 25 years, but with the balance being shifted 
to private forestry. Nevertheless, the government policy as 
stated in the House of Commons, 10 December 1980, was for a
steadily increasing proportion of the U.K.'s timber requirements 
to come from home-grown timber.
The government's most important act, however, was to reduce the 
Grant-in-Aid to the F.C. The F.C. was to make up the difference 
either by selling plantations or by selling and leasing them
back. In the debate on this Forestry Bill, the government claimed 
that F.C. sales of assets would bring forward from the mid-1990s
to 1985 the date by which the F.C. would no longer require
grant-in-aid from the taxpayer.
In addition, as a result of investigations by Sir Derek Rayner, 
the government's adviser on efficiency, obtaining felling licences 
was to be made easier and the Dedication Schemes for private
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forestry were to be simplified, after consultation with private 
woodland owners (F.C., 1982) (see Sections 4.1 and 4.3 for
details).
Finally, it was decided not to make any changes in the present 
income tax arrangements for private forestry, which have existed 
for a considerable time, and which the government recognise as 
playing an important part in encouraging investment in the private 
forestry sector.
The details of these tax arrangements and other forestry 
legislation will be discussed in the next section.
4 Forestry Legislation
Through loans and grants for tree planting and management, and 
through special tax arrangements for forestry, successive 
governments have tried to encourage private afforestation.
4.1 Dedication Schemes
The main instrument in the implementation of post-war forestry 
policy was the Dedication Scheme, which was introduced in the 
Forestry Act of 1947. Under this scheme owners undertake to 
’dedicate’ their woodlands to the production of timber in 
perpetuity and to work them in accordance with an approved plan of 
operations. In return the owner receives grants for specified 
forest operations. Under the 1951 Forestry Act the Approved 
Woodlands Scheme was introduced, whereby owners who did not want
to dedicate, but were willing to work their woods to an approved 
plan, woud be entitled to claim some of the financial benefits 
then available for dedicated woods.
Until 1974 there were two types of Dedication Shcemes; Basis I and 
Basis II. Under Basis I the owner could claim 25% of his approved 
net expenditure each year until such time as the woodland became 
self supporting (i.e., for 5 consecutive years there is an average 
net income).
Under Basis II the owner receives direct grants for work carried 
out. Basis II has proved much more popular with owners than Basis 
I and, financially, this has proved a wise choice: Grants under 
Basis II formed, on average, 40% of net expenditure in England and 
Wales between 1961 and 1965, as against 25% available under 
Basis I (Lorrain-Smith, 1967). Besides grant aid, dedication 
offers other benefits; the land cannot be compulsorily acquired 
and it is free from the controls which may be applied to other 
woodlands (T.P.O.s).
In accordance with the change in government forestry policy 
outlined in Section 2.5, a new Dedication Scheme was introduced to 
replace the others in October 1974 (Basis III). The objectives of 
dedication were altered so that the commercial production of 
timber was no longer the only acceptable objective of woodland 
management. New emphasis was placed on the use of woodlands for 
shelter in association with agricultural land uses, on the 
environmental protection of soil and watersheds, on the
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conservation of plant and animal species and on public 
recreation. In addition, a supplementary grant of £125/ha was 
made available for the planting of hardwood species, the ordinary 
planting grant remaining at £45/ha. Landowners entering the Basis 
III Scheme were also required to discuss the possibilities of 
signing up Access Agreements under the Countryside Act of 1968.
The other major change introduced in 1974 was the abolition of the 
Approved Woodland and Small Woods Scheme.
These changes did not, however, meet with total approval from the 
private woodland sector. The level of entry into the Basis III 
Dedication Scheme was approxiamtely 2,000 ha below the average 
annual level for the period since 1948 during which time the 
Scheme had been in effect, and 3-4,000 ha below the levels 
occurring in the years immediately prior to 1972 (Carroll, 1978). 
The total area planted per annum in all private woodlands declined 
even more markedly by as much as 50-80%. This was partly as a 
result of grant changes, but also a response to fiscal changes. 
(These will be discussed in the next section).
Due to the seriousness of the reduction in incentives to private 
forestry, especially the small woodland owner, continual
representations were made to the government. That these
representations finally reached central government forestry policy 
decision makers is indicated in a Treasury statement (Davies, 
1977) (See last paragraph, Section 2.5), which recognised the
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marginally profitable nature of forestry businesses during the 
interim period required to build up the national forest estate. 
Carroll (1978) suggests this awareness of the low level of returns 
being earned was responsible for the increase in the amount of 
grants made available; the ordinary planting grant being increased 
from £45 to £100 per ha, plus the £125/ha for broadleaves. The 
management grant was increased to £3/ha per annum and a Small 
Woods Planting Scheme was also re-introduced, with a grant of 
£250-300/ha; the emphasis being placed on the planting of 
broadleaved species in the lowlands.
The present government has continued with this encouragement to 
private woodland owners. A single new Dedication Scheme was 
introduced in October 1981, which maintained the level of grants, 
but, of more importance, involved a simplified plan of operations 
and a minimum of legal formalities. The Basis III Scheme and the 
Small Woods Scheme were closed from July 1981.
The F.C. also took the following steps, after recommendations from 
the government's advisor on efficiency, Sir Derek Rayner, in order 
to reduce the number of dedicated estates and the administrative 
costs of those that remain:
1 On a change of ownership the F.C. will decline to enter a
new agreement with the successor in title and will be 
prepared to grant a release from the restrictive covenant 
burdening the land.
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2 Voluntary withdrawals of complete dedicated areas will be
encouraged.
The new scheme was introduced on 1 October 1981 for approved 
planting of areas of 0.25 hectares and above. The aim is to 
combine administrative simplicity, with flexibility so as to 
accommodate a diversity of land use interests and conditions 
(F.C., 1980). Under this new scheme it is hoped owners will enjoy 
freedom from many of the administrative and legal complexities and 
costs inherent in the Dedication Scheme. The main features of the 
new scheme are as follows.
1 Grants will be payable in two instalments; 60% following 
satisfactory completion of planting and 40% 5 years later, 
subject to satisfactory establishment of the trees.
2 Applications will not be restricted to owners of land; 
tenants or lessees will be eligible provided their 
application has the approval of the freeholder or any 
intermediate lessor.
3 A simple form of application will be used which will set out 
the conditions of the scheme and form a contract between the
F.C. and the applicant, when signed by both parties.
4 Applicants are required to agree to the objectives of sound 
forestry practice, good land use, environmental benefits and 
provision of such opportunities for recreation as may be 
appropriate.
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Those participating in the new scheme will be encouraged to 
maintain plans of operations approved by the F.C. with the aim of 
securing sound forestry practice. This new simplified scheme is 
implicit recognition of the private sector's importance for the 
achievement of national forestry policy objectives.
4.2 Taxation
The long interval between incurring the cost of planting and 
realising the value of the timber makes private afforestation 
especially responsive to changes in taxation which do not alter 
the period of waiting, but do influence the net cost of planting 
and management.
The taxation provisions for forestry will affect owners according 
to their income, wealth and other personal factors, e.g., the size 
of their estate and income from other sources. For this reason, 
no attempt will be made to establish the effect of taxation on the 
N.D.R. for particular forestry investments (as estimated in 
Chapter 5). In the comparison with agriculture, forestry and 
agricultural investments are analysed excluding grants and taxes. 
The aim of this section is to consider the way in which taxation 
provisions for forestry encourage (or discourage) investment in 
private woodlands.
4.2.1 Income Tax
The provisions for income tax relief on woodland expenditures has 
been and continues to be beneficial to woodland owners. Woodlands 
can be assessed on income tax under Schedule 'B' or Schedule 'D'.
Schedule B is a tax on assumed profit of occupation (the 
hypothetical rent) based on one-third of the ’prairie’ value of 
the land, i.e., the natural or unimproved value and the tax paid 
under this Schedule is almost negligible.
Under Schedule D the assessment is on actual profits. Net losses 
in one year associated with the management of the wood may be 
offset against income from other sources before the owner is 
assessed for income tax.
All woods automatically revert to Schedule B at change of 
ownership and if the woodland is yielding an income this schedule 
is attractive because it results in almost tax free income. It 
may not be so attractive, however, for woodland on which there is 
a net annual expenditure. If an owner can satisfy the tax 
inspector that his woods are managed on a commercial basis with a 
view to the realisation of profits, he can elect to be assessed 
under Schedule D on the basis of actual financial results. It is 
then possible for losses incurred by woodlands to be set against 
the owner’s income from other sources outside the woodlands which 
are also taxed under Schedule D.
This tax allowance is not cash in hand to investors. The 
allowance is obtained only if the investor has profits accruing 
from other enterprises. Where this is so no tax is paid on
profits used for forestry operations. This provision means that
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for income earners paying high marginal rates of tax the immediate 
burden of establishing and maintaining a wood can be reduced.
A normal arrangement is for a plantation in its early years to be 
assessed under Schedule D during the period of expenditure early 
in the rotation when the woodland account shows a loss, and then 
when profits begin to flow, for the woodlands to be transferred to 
a company so that it may be assessed under Schedule B. A change 
of ownership is a prerequisite of reversion to assessment under 
Schedule B.
The effect on woodland management is that it is essential to make 
full use of the available tax reliefs to separate old plantations 
from young ones, and thus any system of uneven aged forestry, in 
which age-classes are mixed, is strongly discouraged by the income 
tax systems (Lorrain-Smith, 1967).
It is generally agreed that the income tax system as adapted for 
forestry is fair (Lynch, 1976). The existence of Schedule D acts 
as an incentive to set up new plantations and manage them for 
timber production. In his study on the behaviour of woodland 
owners (see Chapter 9 for details), Carroll (1978) found this was 
certainly the case in the South-East of England. The observed 
relationship was that each 1% increase in the variable measuring 
woodland area assessed under Schedule D was associated with a 
decrease in the opportunity cost ratio of 0.0059. Thus a land 
unit with, say, 10% more of its area assessed under Schedule D
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than an otherwise identical land unit would be 5.9% closer to its 
potential maximum N.D.R. than the land unit with the smaller area 
assessed under Schedule D.
The only criticisms that can be levelled at the income tax 
provisions for forestry are that they do not encourage owners to 
manage woodlands on an uneven-aged basis and that they favour 
wealthy landowners who pay a high rate of tax (Helliwell, 1979).
2.2 Capital Taxation
The treatment of timber for capital tax purposes has crucial 
consequences for woodland management. This is because timber 
production is relatively capital intensive and involves the 
creation of wealth in the form of trees which appreciate in value 
as they mature (see Chapter 5).
Over the last 20 years there have been measures to make forest
land liable for Capital Gains Tax (C.G.T.), the introduction of
Capital Transfer Tax (C.T.T.) and proposals for an annual Wealth 
Tax. This trend in taxation on private forestry has probably been 
a major reason for the sharp decline in private planting over the
last 10 years. However, it is not clear whether this decline is
the result of a real increase in capital tax burdens and a 
reduction in financial incentives for investment in general and 
forestry in particular, or is more a reflection of uncertainty as 
a result of relatively rapid changes in tax legislation 
(Orde-Powlett, 1976). The aim of this section is to consider the
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changes in capital taxation and the resulting effect on the
profitability of forestry.
1 Estate Duty
Estate Duty (E.D.) was in operation up to 1975 when, under the
Finance Act 1975, it was replaced by C.T.T. The favourable tax
provisions for forestry under E.D. were designed so as not to 
discourage private investment in woodlands. Carroll (1978) 
suggests that there can be little doubt that the provisions of
E.D. did, in practice, encourage investment in private forestry. 
Under E.D., a tax was only charged on property transferred on, or 
within, 7 years of the owner's death, so that those who gave away 
their estate to their heirs early in life were able to avoid death 
duties. More important, the amount assessed did not have to be 
paid until the crop was sold and the value of the timber crop at 
death was not aggregated with the value of the remainder of the
estate. Consequently, standing timber was the sole means of 
amassing wealth and transferring it at death without increasing 
the basic rate of duty.
2 Capital Transfer Tax
C.T.T. was introduced in 1975 and as a result capital transfers 
from one person to another are subject to tax whether the transfer 
is made during the donor’s lifetime or after death when the estate 
is distributed to heirs. Under Business Assets Relief, (Finance 
Act 1978), the value of business assets in a forestry enterprise 
are reduced by a half before assessment of C.T.T.
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However, unlike estate duty, the value of the timber crop is 
aggregated with the rest of the estate and the timber is treated 
essentially as the 'top slice' of the estate and so bears a high 
marginal rate of tax (C.A.S., 1980).
Under C.T.T. the heir may elect to defer payment of tax on the 
standing timber until it matures and is sold. The tax is then 
calculated on the value of the timber at the date of sale and not 
at death. Since the volume of timber will have grown since death 
and wood prices will have risen because of inflation, the 
increased value of timber could lead to a higher tax bracket and a 
heavier tax liability for the woodlands.
As a result of these fundamental changes there is much less fiscal 
incentive to invest in woodlands than there was prior to the 
implementation of the Finance Act 1975 (Carroll, 1978). There is 
considerable opinion that the C.T.T. legislation for private 
forestry should be changed. The Forestry Committee of Great 
Britain, an advisory body of Commissioners and outsiders set up 
under the provisions of the 1967 Forestry Act, are of the opinion 
that the basic value to be charged should be the value at the date 
of death and the rate of tax should be charged as though the 
woodland was a separate estate (Lynch, 1976). Helliwell (1979), 
considers that it is illogical to tax woodlands as if they were 
completely saleable assets, unless one wishes to encourage 
ownership by bodies unaffected by C.T.T. and to discourage
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ownership by private individuals. It has also been argued that 
the basis for evaluation of C.T.T. purposes should be the 
estimated annual productivity of the woodlands and not their 
standing value.
These problems are not completely dissimilar from those related to
agriculture and it may not be possible to devise any single means
of taxing woods which achieves the general objectives of society 
and also encourages 'good' forest management.
3 Capital Gains Tax
Growing trees are not liable to C.G.T. under the Finance Act of
1965. Hence C.G.T. is not payable on the timber value at sale or
on disposal of woods. The site value of the land itself is not,
however, necessarily exempt. With steadily rising land values, 
the sale of any forest property is likely to give rise to a
taxable gain under C.G.T. legislation. Any appreciation in the 
value of the land during the taxpayers ownership, or since 1965, 
whichever is later, is subject to C.G.T. Forest land values have
increased by about 600% since 1965, so the taxable gains are often
substantial.
Lifetime transfers of estates are subject to C.G.T. on top of
C.T.T. Thus although the rate of C.T.T. is more favourable for 
lifetime transfers than those at death, this advantage is offset
in many cases by the need to take account of C.G.T., which can be
very heavy where the estate includes large areas of land. C.G.T. 
is not payable on transfer at death.
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4 Wealth Tax
The possibility of introducing an annual charge on personal wealth 
has been considered by various Labour governments. However, 
although the Select Committee on Wealth Tax (1975) could not reach 
an agreement on the form of the tax, there is considerable opinion 
that forestry should either be exempt or should qualify for a 
large measure of tax relief (Campbell, 1975). It is unlikely that 
a wealth tax will cause problems for forestry investors.
4.3 Restrictive Control
Overall, forestry is subject to relatively few legislative 
controls, although measures do exist to prevent the irresponsible 
exploitation of woodland areas.
4.3.1 Change of Land Use
A change of land use from agriculture to forestry is not defined 
as ’development1 for the purposes of the Town and Country Planning 
Act 1971. The F.C. has, however, an administrative agreement with 
the Ministry of Agriculture to consider the agricultural 
implications of any land use changes.
In fact forestry and agriculture, compared with other forms of 
land use, share a favourable position with regard to planning 
controls. This is particularly so in Surrey with nearly all of 
the county under Green Belt policy. The development of housing on
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rural land is strictly controlled, but this is not the case with 
forestry and agriculture.
4.3.2 Felling Licences
Felling licences were introduced under the Forestry Act of 1951. 
At this time the chief purpose of this instrument of control was 
to prevent widespread exploitation and devastation of woods and to 
ensure that most of the areas felled were replanted. The 
statutory provisions now contained in the Forestry Act 1967, which 
include authority to the F.C. to direct felling, have remained the 
same in essence for 30 years, but the concept of a strategic 
reserve has changed. Control today is almost wholly exercised to 
safeguard amenity.
Under the Forestry Act 1967, a felling licence, issued by the 
F.C., is required in all cases except:
1 where the volume felled each quarter does not exceed 30 M^. 
Of this quantity, the owner may sell, without licence or 
other formal permission, up to 5.5
2 trees which are below 8 cm diameter, measured 1.3 H from the 
ground
3 underwood which is below 8 cm diameter, measured 1.3 M from 
the ground
4 thinnings which are below 10 cm diameter, measured 1.3 M 
from the ground
5 trees which are covered by a plan of operations for 
Dedicated woodlands
6 garden and fruit trees.
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In most other circumstances a felling licence is required. Where, 
as is usually the case, it is considered that the ground should be 
re-stocked, the F.C. is empowered to impose replanting conditions 
on the issue of a felling licence (F.C., 1979).
The government consider that, although the original concept of 
imposing controls to secure a reserve of timber has long since 
disappeared, there remains substantial justification for 
controlling tree felling in the interests of landscape, nature 
conservation and general amenity. The controls themselves, 
however, do not reflect present day needs. Following the review 
of the administration of grant aid and felling licences, it was 
felt that they can be simplified, made more cost effective and 
given fresh purpose by the following changes (F.C., 1980).
1 Detached woodlands of less than 0.25 ha (including hedgerow 
trees) will be removed from felling licences. The F.C. 
will, however, introduce procedures whereby local 
authorities will be informed of such fellings, especially if 
these small areas are important from an amenity viewpoint.
2 Since they are generally considered to be unexceptionable on 
amenity grounds, it is also proposed that all silvicultural 
thinnings and selective fellings in woodlands, irrespective 
of size, should be removed from felling licencing.
3 In line with the present government’s policy of reducing 
public expenditure, the administrative costs of felling 
control will be recouped by charging a fee for the issuing 
of a felling licence.
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4 The Forestry Acts of 1967 and 1979 provide that a person may 
fell up to 30 of timber in any quarter without a licence, 
provided that no more than 5.5 of this quota is sold. It 
is proposed to amend the Acts to remove the restriction on 
the sale of the licence-free quota since its original 
purpose of helping to preserve growing stocks of timber is 
no longer valid.
These changes, particularly with respect to thinnings and 
selective fellings, can be viewed as part of the steps taken to 
make investment in forestry more attractive to the small private 
woodland owner.
4.3.3 Tree Preservation Orders (T.P.O.s)
T.P.O.s are dealt with in Chapter 9, which considers the amenity 
restrictions on woodland management. Under the Town and Country
Act 1947, a local authority may, in the interests of amenity, make 
a T.P.O. on trees or woodlands. Plans for the felling of trees or 
the development of woodlands covered by T.P.O.s must be passed by 
the local authority and F.C.
In Chapter 9, it is concluded that the main effect of T.P.O.s, on 
the management of commercial woodlands, is the resultant delayed 
felling of mature stands.
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5 Appraisal of Forestry Policy and Legislation
Current government policy has still the aim of increasing the 
volume of home grown timber. The present government's objective 
is also to shift the balance towards private forestry. The F.C.'s 
Grant-in-Aid has been cut and provision has been made for the sale 
of F.C. woodlands and land awaiting planting. The Dedication 
Scheme has also been simplified, with the aim of encouraging 
further investment in private forestry.
5.1 Forestry Policy
Since World War I, the aim of progressive governments has been the 
expansion of the forest estate in the U.K. This has been done in
two ways.
1 The owners of private land have been encouraged to play a
part in rebuilding Britain's forests by loans and grants for 
ground preparation, tree planting and management.
2 The F.C. was established, with its main duty to acquire
suitable land and to plant it for the production of timber 
for industry.
The justification of state subsidised forestry can be challenged, 
however. In 1972, a government study, on which the 1972 policy
review was based, was conducted into the costs and benefits of
forestry policy and the study concluded that (H.M. Treasury,
1972):
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1 There appear to be no strategic considerations - defence or 
commercial - relevant to new afforestation. The existing 
estate does, of course, represent a useful strategic 
reserve.
2 The recreational value of the present estate is as yet 
modest, but its future potential value is substantial. The 
recreational value of current new F.C. planting is more 
limited, by reason both of its location in remote areas, and 
the extent of the existing mature forests by the time 
current new planting reaches maturity.
3 Forestry in the areas now being afforested produces a 
negligible or even negative social rate of return (at the 
10% test rate, which was in practice at the time).
4 New planting compares unfavourably with the hill farming it 
replaces in economic and in Exchequer costs per ha. But it 
creates slightly more local employment albeit at a higher 
cost per job in resource and Exchequer terms.
Subsequent decisions confirming a F.C. planting rate of around
20,000 ha per annum and the continuation of the Dedication Scheme, 
suggest the government has largely ignored the results of the 
study and returned to the philosophy that import saving, job 
creation and recreation provision through afforestation still 
represents a useful return in overall resource-management terms 
(Gilg, 1978).
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A recent publication by the Institute of Economic Affairs (Miller, 
1981) has criticised the continuation of state forestry in this
country. Miller suggests the recent change in forestry policy by 
the present government, is more a change in the way forestry is
financed than in forestry policy; "The purpose of the F.C. land 
sales is to allow the F.C. to continue on its extravagent way
without recourse to the taxpayer". In fact Miller advocates 
nothing less than complete de-nationalisation of the F.C. His 
reasons for this are as follows:
1 State forestry has been justified on the ground that
individuals have an ’irrational’ preference for present over 
future consumption and are thus liable to devastate forests
at the expense of future generations. Miller argues that
the 'social rate of time preference' is a myth; the free 
market can take care of the interests of future generations, 
insofar as they can be known, because it is more profitable 
to hold forests unfelled until they mature.
2 The weakening of the strategic argument for state forestry
in the 1960s gave way to an emphasis on the equally 
vulnerable 'social returns' from forestry; amenity, 
recreation, lower unemployment in rural areas and reduced 
dependence upon imported timber.
3 The claim that a large reserve of standing timber is
required in a national emergency is not tenable since a 
future war is likely to be short. A stockpile of ready-cut 
imported timber would be a cheaper alternative.
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4 Using state forestry to shift employment to rural areas is 
very expensive and could be achieved more efficiently by 
more flexible wage rates.
It is not the aim of this study to discuss the costs and benefits 
of state owned enterprises. The reasons behind the need to 
increase the forest estate in the U.K. were outlined in
Chapter 6. The present government has considered that the 
reduction of imported timber is of importance enough to justify 
the continuation of the F.C. and encouragement for private 
forestry investment.
5.2 Forestry Legislation-
Many government departments are involved with forestry legislation 
and the organisation of responsibilities is complex. Forest 
legislation has developed as a result of the need to control the 
devastation of forests and to provide incentives for private 
investment. The latter is unlikely to suit everybody as
investment in private foresty is the result of a mixture of
motives, opinions and judgements.
It is apparent that there is a lack of confidence in the private
sector at the present. The F.C.'s aims have always been declared, 
but the government's plans for the private sector have been less 
clear. Planting grants provide a minor incentive to forestry 
investment but tax allowances are a more substantial incentive. 
However, the level of aid depends on the investor's income from
other sources. The recent capital taxation changes did not meet 
with approval and partly as a result of this total planting of new 
woodlands in the private sector has declined since 1975. The 
government clearly hopes that the shift in emphasis towards the 
private sector, in the last review, will reverse this trend. The 
new Dedication Scheme does appear to be more attractive to the
small woodland owner and overall there is less complex 
administration. The government’s policy, as elaborated in the 
House of Commons and in its discussion document on the reform of 
aid to private forestry (F.C. 1980), is for private planting to 
expand at the expense of that of the F.C.
6 Forestry Legislation and the Woodlands In Surrey
6.1 Dedication
Although Surrey is one of the most densely wooded counties in 
England (see Chapter 2), an abnormally high proportion of the
woodland area is private woodland outside the Dedication (and 
Approved) Woodland Schemes. Table 1 illustrates this situation in 
Surrey. This stems from the fact that there are so few state
owned woods in Surrey. The actual proportion of Dedicated and 
Approved woods in Surrey is not considerably different from the 
national average. This suggests that the landowners of Surrey are 
willing to take up the advantages of dedication. Moreover, with 
the change in emphasis towards the private sector, it is possible 
that there will be an increase in the number of dedicated woods in 
Surrey in the future. Dedicated woods have the advantage of
giving the owner protection against T.P.O.s, which is important in
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Surrey as amenity considerations often rank highly with the local
authority, as Chapter 9 suggests.
TABLE 1 OWNERSHIP OF WOODLANDS IN SURREY AND THE U.K.
Surrey National
Average
Woodland area as % of total area 19 8
% of private woodland outside Dedication schemes 71 30
% of woods owned by F.C. 7 41
% of woods Dedicated and Approved 22 29
6.2 Taxation
In Chapter 3 it was suggested that in Surrey many of the 
landowners had business interests outside farming or forestry. 
This means there will be opportunities to take advantage of the
income tax provisions for forestry (Schedule D). However, the
small fragmented nature of the woodlands in Surrey will probably 
work against this, as it is best to have large even-aged woods 
rather than small uneven-aged woods to make full use of the income 
tax provisions (see Section 4.2.1.). '
6.3 Conclusion
It is difficult to generalise on the effect current forstry 
legislation will have on the state of woods in Surrey. Each
estate has its own peculiarities. The recent changes in
government policy have not been in existance long enough to 
indicate the reaction of the private woodland sector.
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The change in emphasis towards the private sector and the 
simplification of the Dedication Scheme and felling licences does 
suggest, however, there could be an increased number of managed 
woodlands in Surrey.
The major obstacle to a more confident private sector appears to 
be the present capital taxation laws. They do not help the small 
woodland owner. High levels of capital taxation must inevitably 
act as a disincentive for an owner to improve his crop by further 
treatment (Campbell, 1975). Only when private landowners have 
access to income from other sources are they in a position to 
finance the long period between investment in woodlands and the 
realisation of profits. In addition, individuals investing in 
afforestation are unlikely to be living when the forest is felled 
and the benefits realised. For both these reasons, afforestation 
in the U.K. has tended to be undertaken by the larger landowners 
and the state. But if, in general, extension of the forst area in 
the U.K. is desirable and, in particular, the utilisation of 
marginal woods in Surrey, then the participation of groups such as 
small landowners and farmers will be important. (This is 
discussed more fully in the final chapter).
Although fiscal policy has taken account of the cash flow 
difficulties in forestry by allowing deferment of C.T.T. 
liabilities, it has provided little or no incentive for smaller 
landowners to consider the afforestation of any sizeable part of
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their holdings (C.A.S., 1980). The tax system which, for
forestry, has more allowances for income tax, favours landowners 
subject to high marginal rates of tax. The problem is that most 
woodland owners have small estates and they only derive limited 
benefits from the allowances.
i
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CHAPTER EIGHT
AGRICULTURE AND THE DEVELOPMENT OF SURREY * S WOODLANDS
1 Woodlands and Agriculture
There are around 33,000 ha of woodland in Surrey and much of it is 
located on agricultural holdings. In 1978 there were around
5,000 ha (15%) of woodland on agricultural holdings (M.A.F.F.,
1979). There are other areas of woodland adjacent to farm units. 
These woodlands can be viewed as a potential land source for 
agriculture, e.g., between 1960 and 1977 some 1,750 hectares of 
woodland were transferred to agricultural use in Surrey (Coleman, 
1977). On the other hand, 2,300 ha of agricultural land were
transferred to woodland over the same period.
In Chapter 5 it was suggested that a large area of woodland in 
Surrey had potential for timber production. However, even if this 
is the case, it may be more profitable to farm the land instead of 
producing timber. It is therefore necessary to make an evaluation 
of agricultural land and compare this with the Net Discounted 
Revenues of the forestry investments in Chapter 5. It can be
expected that the return to agriculture will vary with the grade 
of agricultural land and type of farming. The size of the 
agricultural holding will also be of significance. The aim will 
be to calculate N.D.R.s for agriculture using assumptions which
best summarise the agricultural situation in Surrey.
The first step is to consider the method involved in estimating 
N.D.R.s in agriculture.
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2 Methods of Evaluating Agricultural Land
It is the purpose of this section to outline different measures of 
tVie value of agricultural land and discuss their limitations and 
advantages.
a The Market Value
If one has to find a measure which suggests the value of 
agricultural land it is only right that, in a market economy, one 
should resort to market prices. However, the market price of land 
does not reflect the value of agricultural land to the nation, nor 
to the individual farmers as a food producing resource. Thomas 
(1967) concludes that the market price is well in excess of double 
that suggested by entrepreneurjteJ. considerations. Boddington 
(1973a) suggests that there is both an entrepren.eufkL(E.V.) and 
proprietal value (P.V.) attached to farm land - purchasers are 
prepared to pay double the financially justifiable price for some 
intangible benefits. Thus P.V. varies from place to place and has 
little correlation with any E.V. Much of the P.V. is accounted 
for by location; poor land close to a good commuter service to 
London will realise as much as first class land which does not 
have good access to the metropolis.
This suggests that the use of a market value as a measure of the 
value of agricultural land to compare with forestry is 
meaningless.
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b Net Rent
The landlords expenses are removed from gross rent to obtain a 
figure of net rent. This figure should reflect the annual value 
of the farm land and its immobile assets to the person who 
conducts his business with their assistance. If the tenant pays a 
market rate to the landlord for the use of these factors of 
production then net rent must represent the agricultural value of 
an area of land. However, there are problems with the measurement 
which make it unsuitable. Firstly, depending on when the last 
rent review was, the fixed net rent will be somewhat less than if 
it had been adjusted to allow for inflation. Net rent also 
includes payment for some non-productive factors such as the 
farmhouse. Finally, net rent may also include payment for some 
items of fixed equipment which effectively increase the level of 
output but have no bearing on the inherent productivity of the 
land itself, e.g., pig and poultry buildings and intensive 
horticultural equipment. This is particularly relevant to Surrey 
as there are many holdings carrying out horticulture and pig and 
poultry production in the county.
c Gross Output
This is defined as the total revenue accruing to farming activity, 
adjusted for valuation changes and less the purchases of 
livestock. The size of the total revenue itself will depend upon 
the nature of production and the level of yield, but it is a very 
poor measure of the productivity of the land since a farmer may 
use a small piece of land for the purpose of livestock trading
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with resultant high levels of total revenues (Boddington, 1973a). 
To overcome this problem, expenditure on livestock acquisition is 
removed from total revenues.
However, gross output still suffers from considerable defects 
since it does not reveal the level of costs involved in achieving 
any level of yield. Gross output does not reflect the value of 
the land to the nation or to the private landowner.
d Net Output, Net Product and Net Farm Income (N.F.I.)
(See Figure 1)
Net output is gross output less all items purchased from other 
farms or traders, e.g., seed and feed.
Net product removes from net output the cost of all items which
are purchased from other industries, e.g., fertilizer. It is the
aggregate of returns received by the factors of production located 
on the farm - land, labour, management, fixed and working capital.
FIGURE 1 RELATIONSHIP BETWEEN N.F.I., NET PRODUCT & NET OUTPUT
Net Output = Gross Output - Inputs purchased from other farms
Net Product = Net Output - Inputs purchased from other
industries
Net Farm Income = Net Product — (home grown inputs + total labour
cost, excluding farmers and spouses)
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Net farm income represents the return to the farmer and his wife 
for their manual labour and their management and interest on all 
capital, excluding land and buildings. Any difference between the 
opening valuation of any stocks of previous crops, the number of 
breeding and trading livestock and their ultimate disposal values 
(i.e., sales used on farm and any end of year stocks) is included 
in N.F.I. N.F.I. excludes the returns to the factors in which 
this analysis is interested.
These net figures suffer from the disadvantage that they cannot 
measure the worth of land itself, together with any man-made 
improvements which are inextricably bound up in it. They also 
include the returns to many other factors of prodcution which can 
markedly affect the level of output generated from the land.
e Value Added
Boddington (1973b) has suggested the use of ’value added1 in 
assessing the importance of agricultural land. It was first used 
by Wibberley (1958) in evaluating the agricultural worth of a 
Newtown site near Manchester. He defined it as the returns to 
land alone, having added back into N.F.I. the cost of rent and 
deducted interest on tenant's capital, the value of the manual 
labour of the farmer and his wife, the value of the farmer's 
managerial ability and the value of grants and subsidies. This 
measure could prove useful in the comparison of agriculture and 
forestry. It will be worthwhile comparing it with other measures 
used in forestry and agriculture comparisons. C.A.S. (1980) have
- 307 -
made some estimates of N.D.R.s for hill sheep farming. They used 
N.F.I. as a basis and defined their measure as "the management and 
investment incomes per hectare to land, management and tenant’s 
capital which can be ascribed to farming". C.A.S. defined their 
'agricultural value' as follows;
Agricultural = 
value
N.F.I. + imputed 
farm rental '
- (manual labour of farmer and 
wife + value of grants)
3 N.D.R. for Agriculture
The components of the measures used by Boddington and C.A.S. and 
the differences between them will be discussed below. 
Consideration will also be given to the method used in calculating 
the N.D.R.s for forestry in order that the method selected for 
agriculture is comparable with that of forestry.
3.1 Grants and Subsidies
C.A.S. and Boddington both use N.F.I. as the starting point for 
their calculations and this includes subsidies. The N.D.R.s for 
forestry investments excluded grants. It can be argued that 
subsidies are a means of supporting enterprises which are not 
basically profitable and they should be excluded from any 
comparison of the value of land under agriculture and forestry. 
It is only correct, then, that grants and subsidies be removed 
from N.F.I.
3.2 The Cost of Rent
The assessment of forestry rent is difficult and this was omitted 
in the forestry N.D.R.s in this study. N.F.I. is a measure which
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has had the cost of rent removed. This is why C.A.S. and 
Boddington proceed to add the value of rent to N.F.I. This is a
necessary procedure to make the estimation of the value of 
agricultural land comparable with that of forestry.
3.3 Farmer and Wife’s Manual and Managerial Labour
a Manual Labour The manual labour performed by the farmer and
his wife is a significant part of the total labour performed 
on many farms. Thus the imputed cost of the manual labour 
of farmer and wife must be removed from N.F.I. 
b Managerial Ability The calculation of Value Added is 
problematical since it involves the estimation of the return 
to farmers managerial ability. Boddington (1973b) estimated 
a sura but the method was arbitrary, i.e., a total return per
farmer is assumed, say £3,000, so that a farmer listed in
the Farm Incomes ’Blue Book' (M.A.F.F., 1981) earning £2,000 
from his manual effort will receive £1,000 for his
managerial function. Britton (1970) has produced a formula 
which states that the managerial return is adequately 
reflected by the sum of 4% of gross output, 7% of N.F.I. and 
20% of the paid labour bill. This again appears to be an 
arbitrary decision. Moreover, one can question the 
•justification of including management income as many farmers 
would not have the opportunity to earn the level of 
management income which has been suggested if they were 
displaced from their present enterprises.
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Managerial ability has not been included in the N.D.R. 
calculations for forestry and in light of the previous 
discussion should not be included in the N.D.R. calculations 
for agriculture.
3.4 Tenant's Capital
Value Added is the income earned by the land itself and the 
capital invested in and upon it. It is the best figure for 
comparing agriculture with other land uses (Wibberley and 
Boddington, 1970). Its drawback is the degree of estimation 
required; also it includes the return to capital invested in and 
upon the land. Properly this capital should be amortized over its 
average length of life and then considered as of no further value 
at the point it will cease to earn a return. However, no data are 
available to indicate the level of investment in non-transferable 
items. To solve this problem Wibberley and Boddington (1970) 
assume the amount involved is sufficiently low to be within the
margin of error. C.A.S. (1980) treat the problem in a more
practical way in their calculation of N.D.R.s for hill sheep
farming. The average valuation of breeding and trading livestock 
was taken as the initial capital investment and was assumed to be 
recovered in year 50 (i.e., the rotation period of the forestry 
investment used in the comparison).
C.A.S. included tenant's capital via the discounting procedure, 
i.e., a stream of farm income is discounted over n years, 
deducting the original investment and adding its discounted
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terminal value. The C.A.S. method can be criticised on two 
counts.
a Breeding and trading livestock does not cover all the
components of tenant's capital. The definition of tenant's
capital given in the Farm Incomes Blue Book has been used
for the N.D.R. calculations for agriculture: this is the
average of the opening and closing valuation of glasshouses, 
permanent crops and machinery (at current cost), livestock 
and other assets such as stocks of harvested crops not yet 
sold.
b C.A.S. assume the original capital invested will last over
50 years. But capital replacement must be incorporated in 
the calculation to make the comparison with forestry 
realistic. After a discussion with R.B. Tranter of the 
Centre for Agricultural Strategy, it was clear that this was 
an oversight by the authors involved.
The problem is to determine the useful life of agricultural 
capital. Obviously the replacement of capital will be a 
continuous cost for the farmer. However, for the calculation of 
N.D.R. it will be assumed that all the capital is replaced every x 
years, e.g., 20 years. Hill (1972) assumes farm buildings and 
works to have a life of 30 years. It can be expected that 
machinery will have a much shorter useful life. Nix (1981) gives 
estimates for the useful life of various types of agricultural 
machinery. These range from 5 years for machines such as potato 
harvesters to 12 years for ploughs; the average being around 10
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years. For a comparison with industry, in the year 1980 I.C.I. 
assume land and buildings have a life of 24 years and plant and 
equipment 13 years (I.C.I. Ltd., 1981).
The assumption on capital replacement will be critical to the 
outcome of N.D.R.s in agriculture. For this reason it has been 
decided to calculate the N.D.R.s assuming capital replacement 
every 10, 15 and 20 years. This method of replacing the capital 
as a lump sum every x years is hypothetical and is only being used 
to make a comparison with forestry.
4 Method
In both the forestry and agricultural investments it is assumed 
nothing is left tied up in the land after the production period, 
i.e., the original investment is assumed to be recovered in full 
in year 70. (To compare with the forestry investment - Scots 
pine, Yield Class 12, Rotation 70 years).
Without capital replacement the N.D.R. of agricultural investment
is:
P + P 
(l+r)n
where P = initial investment (Average Tenant's Capital)
Ai = Net cash flow in year i
i.e. N.F.I. - (labour of farmer and wife (L)
+ grants (G) - rents (R))
r = discount rate as decimal
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If the forestry rotation is 70 years and it is assumed capital is 
replaced every 20 years then the N.D.R. for agriculture is:
N.D.R. = \ A i - P - P  - P - P - f P
1 ^ —  ( l + r ) i  ( 1 + r ) 2 0  ( l + r ) 4 °  ( l + r ) h °  ( i + r ) 7 0
The capital is replaced three times, but only 'one set' of capital 
is recovered in year 70. In the comparison of forestry and 
agricultural N.D.R.s, this method of capital replacement will bias 
the calculation in favour of farming. If a small amount of 
capital was assumed to be replaced every year then, after 
discounting, this would result in a greater removal of capital 
from the annual income. It is clear that the treatment of capital 
is extremely important in the evaluation of agriculture.
The Discount Rate Much of the discussion on the discount rate for 
forestry applies to agriculture. Moreover, for the comparison to 
be valid agriculture should be discounted at the same rate as 
forestry. For this reason discount rates of 0, 3 and 5% will be 
used.
5 Source of Data
The data for calculating the net cash flow (A) and initial 
investment (P) will come from 'Farm Incomes in England, 1979-80', 
produced by M.A.F.F. It has already been stated that the 'average 
tenant's capital' will be used as the initial capital investment 
and this is given in the 'Blue Book'. For the calculation of A it
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will be worthwhile defining the component parts, taken from the 
'Blue Book':
A = N.F.I. - L - G + R
N.F.I.
This comprises total farm output less total inputs (excluding the 
labour of farmer and wife). It is calculated before deduction of 
interest on any farming loans and also excludes interest on any 
financial assets owned. (Breeding livestock appreciation is not 
included in total farm output and therefore is not included in 
N.F.I.).
Total farm output is the sum of crop and livestock enterprise 
output, general subsidies and miscellaneous revenues.
Inputs: These comprise payments and non-cash inputs, including
home-grown feed and seed.
Labour: This comprises wages and employer's insurance
contributions, payments in kind, salaried management, unpaid 
family labour, excluding that of farmer and spouse, at the 
appropriate rate of comparable labour.
La bo u r of Farmer and Wife (L)
The problem here is to estimate the value of the farmer and wife's 
labour. This has been done in the following manner.
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The Farm Incomes Blue Book gives details of Annual Labour Units 
per farm (A.L.U.). These are the estimated number of full-time 
worker equivalents of persons working on the holding during the 
year. Part-time workers are converted to full-time equivalents in 
proportion to their actual working time relative to that of a 
full-time worker. The number of A.L.U.s classified as 'farmer and 
wife' is given in the Blue Book.
Using this information and the Average Gross Weekly earnings of 
General Farm Workers, the imputed cost of the farmer and wife's 
labour can be calculated, i.e.:
AVERAGE GROSS WEEKLY EARNINGS: GENERAL FARM WORKERS
Year £_
1977 51.6
1978 57.7
1979 62.7
1980 80.1
SOURCE: New Earnings Survey, 1977-80; Department of Employment
The total annual income is calculted by multiplying the number of 
A.L.U.s (farmer and wife) by the product of 52 and average gross 
weekly earnings. 52 weeks can be used as the farmer is likely to 
be working the whole year and holidays will be minimal.
Grants and Subsidies (G)
This is simply the total of grants and subsidies which the farm 
unit receives and which have been included in N.F.I.
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Rent (R)
This is defined under 'Land and Building Costs' in the Blue Book, 
i.e., the rent paid by tenants (including the rent on tenant's 
improvements), the rental value of owner-occupied farms, the farm 
share of rates and tenant-type repairs to land and buildings.
5.1 The Data Base
The forestry N.D.R.s were based on 1979 data. The 1979-80 data in 
the Farm Incomes Book, published in 1981, has been used for the 
comparison. Because farm incomes tend to vary from year to year, 
the 1978-79 returns will be compared with those for 1979-80.
The next section will discuss the sample of farms used by 
M.A.F.F. and the implications for the interpretation of results 
when applied to Surrey.
i The M.A.F.F. sample covers all types of farming, but is
confined to full-time farms. All farms are regarded as
consisting entirely of rented land and an estimated Rental
Value is therefore charged as an expense for owner-occupied 
land. The results cannot therefore be applied to the many 
part-time farmers in Surrey (see Chapter 3).
ii The 1981 Farm Incomes Blue Book is based on the results for 
farms of 4 to 249.9 European Size Units (E.S.U.) which were 
in the sample in 1978 and 1979/80, i.e., an identical sample 
of some 1,997 farms. Since 1977/78 the farms in the sample 
by M.A.F.F. have been classified by type of farming and size
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of farming using the European Community’s new system of 
classification based on Standard Gross Margins per unit of 
crop area and per head of livestock. This system replaces 
that based on Standard Man Days. Farm business size is 
measured in European Size Units with one E.S.U. equal to
1,000 European Units of Account of Standard Gross Margins at 
average 1972-74 values, 
iii The sample contains proportionately more large businesses of 
24 to 249.9 E.S.U. and fewer in the 4-23.9 E.S.U. range 
compared with the distribution of holdings in the M.A.F.F. 
Census. Most of the farm enterprises in Surrey are on a
small scale, i.e., 89% of all full-time holdings are less
than 100 ha. It will be necessary, therefore, to use the 
appropriate size class of farms in the Blue Book.
5.2 Data Applicable to Surrey
The aim of this analysis is to compare the returns to forestry
with those for an identical area of land under agriculture. To 
make this comparison realistic the agricultural statistics must 
represent the characteristics of agriculture in Surrey.
Type of Farming
In Chapter 3 the general characteristics of agriculture in Surrey 
were outlined. The dominant types of farming are specialist and 
mainly dairying which accounts for 33% of all full-time holdings; 
horticulture, 29%; and livestock rearing and fattening 1 2% (see
Table 3, Chapter 3).
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It would be useful to estimate the N.D.R. of dairy farming and 
livestock rearing which could be carried out on an area of
grassland which had previously been woodland. It will also be
necessary to consider horticulture. Horticulture is mainly
carried out on sandy soils in Surrey (see Chapter 3) which are 
also suitable for Scots pine and other conifers (see Chapter 2).
Dairying M.A.F.F. (1981) divide dairy farms into two groups:
’specialist dairying' and 'mainly dairying'. The data available 
for Surrey does not distinguish between the two types. In Surrey, 
however, it is likely that the dairy enterprises are specialist. 
M.A.F.F. (1981) define specialist dairy farms as follows: "Dairy 
cows account for over 2/3 of total Standard Gross Margin
(S.G.M.)". In Chapter 3, Table 6 , it was shown that the average
number of cows per producer had nearly doubled since the 1960s to
74. In the 1979-80 Farm Survey the average number of cows per
producer for specialist dairy farms was 58. The data for Surrey 
will therefore be taken from specialist dairy farms in the Incomes 
Book.
Livestock Rearing and Fattening The M.A.F.F. system of farm
classification describes lowland cattle and sheep farms as
follows: "Farms outside the E.E.C. Less Favoured Areas on which
grazing livestock other than dairy cattle account for over 1/3 of 
total S.G.M., commonly over 2/3 and are the largest enterprise 
groups". This definition will cover the livestock farms in
Surrey.
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Horticulture: Ornamental hardy nursery stock and vegetables
comprise the bulk of the horticultural production in Surrey. It 
has been decided that the 'general horticultural’ classification 
of M.A.F.F. is best suited to the horticulture in Surrey, i.e. 
"separate results are shown in the survey for three subdivisions 
of the sample holdings, those specialising in crops under glass, 
those specialising in fruit growing and the remainder (general 
horticulture) though specialising in horticultural crops do not 
meet the definition of either of the first two subgroups".
These are the main farming types in Surrey which could be 
expected to take land from forestry. The M.A.F.F. classification 
type of cropping, cattle and sheep has also been included for 
comparative purposes. These farming types can generally be 
described as extensive. However, intensive farming also features 
in Surrey, i.e., pigs and poultry account for 10% of all full-time 
holdings.
M.A.F.F. define pigs and poultry farms as follows: "Pigs and
poultry account for over 1/3, commonly over 2/3 of total S.G.M., 
but either dairy cattle, other grazing livestock or field crops 
may also account for 1/3 but not more than 2/3 of the total". 
Good agricultural land is not the main requirement for pigs and 
poultry, and this type of farming is less likely to take land 
which was previously woodland. Nevertheless, the N.D.R. will be 
calculated for pigs and poultry to show the differences between 
extensive and intensive farming.
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SIZE OF HOLDINGS
N.F.I. per hectare can be expected to vary with the size of the 
holding. It will be necessary to calculate the N.D.R.s for 
various sizes of holdings which are likely to occur in Surrey. As 
the M.A.F.F. sample is biased towards the larger farms it has been 
decided to use the smallest size group given in the Incomes Book, 
for all types of farm. It must be remembered that 89% of all 
full-time holdings in Surrey are less than 100 ha (Chapter 3, 
Table 8 ).
6 The Results: N.D.R. for Forestry and Agriculture
The N.D.R.s for agriculture have been compared with the 'best* 
result, i.e., the largest N.D.R. (£/ha) at the 3% discount rate.
This is Scots pine, Yield Class 12 with a 70 year rotation. Thus
all the agricultural investments are assumed to be recovered in 
year 70. The results are summarised in Table 2 and Table 1 gives 
the data used in the calculation of the agricultural N.D.R.s. 
Discussion of Data in Table 1
Specialist Dairy Farms: With about £1,000 output and £1,200
tenant's capital per hectare, this is. the most intensive type of 
farm in the Farm Incomes Survey after pigs and poultry farms and 
horticultural holdings. Between 1978-79 and 1979-80 N.F.I. fell
by 2%. Total output rose by 11%. This rise was almost entirely
attributable to higher milk output due to larger herds per farm 
and higher milk prices.
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TABLE 1 DATA FOR AGRICULTURAL N.D.R.s £/ha
Labour
of
Type and Average Size 
Farm
of
NFI
farmer 
& wife Grants
Imputed
Rent (A) (P)
Specialist Dairying 30ha 154 109 5 73 114 1158
Specialist Dairying 51ha 139 64 4 73 143 1 2 1 0
Lowland Cattle & Sheep 51ha -13 0 0.4 55 42 499
Lowland Cattle & Sheeep 72ha 16 0 4 56 69 641
General Horticulture 17ha 480 249 18 172 385 3098
Pigs and Poultry 46ha 143 71 2 109 178 1430
Lowland Cropping 87ha 68 38 2 51 80 719
Cattle and Sheep
(A) = Annual Cash Flow
(P) = Average Tenant's Capital
SOURCE: M.A.F.F. (1981)
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Lowland Cattle and Sheep: Output of about £350/ha made these
farms the least intensive of the lowland types in the survey. 
Tenant’s capital is around half that of specialist dairy farms. 
Net income for the smallest of the holdings became negative in 
1979-80 and is the lowest figure for any of the farm types.
Pigs and Poultry: Although there were smaller farms listed in the
Incomes Book, the sample size of 24-39.9 E.S.U. was chosen as this 
recorded farmer and wife's labour as a component of total labour. 
As farms tend to be residential/owner-occupied in Surrey this 
would give more realistic results for Surrey. Farm capital was 
slightly higher than that of specialist dairy farms.
General Horticulture: About 85% of total output of these holdings
came from horticulture in 1979-80, with outdoor crops contributing 
slightly more than those under glass. Net Income rose by 18% 
between 1978-79 and 1979-80. General horticulture is capital 
intensive with over double the value of tenant's capital per 
hectare than that of pigs and poultry farms. The farmer and 
wife's labour is more important than on other types of farm.
Lowland Cropping, Cattle and Sheep: On average these farms were
of 87 ha of which 34 ha were in tillage crops. The cattle and 
sheep enterprises were of broadly the same type and size as those 
on lowland cattle and sheep farms, but they accounted for a little 
under 30% and 10% respectively of total output. Capital was 
around £ 2 0 0  per hectare more than that of lowland cattle and sheep 
farms.
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TABLE 2 N.D.R.s for FORESTRY AND AGRICULTURE 1979-80 £/ha
Type and Size 
of Farm
10
0 %
C A P !
Years 
3% 5%
T A L
U
0 %
R E P L
Years 
3% 5%
A C E 
0 %
M E N T
20 Years 
3% 5%
Specialist 
Dairying 30ha
1032 -487 -658 1 3348 583 69 4506 1115 422
Specialist 
Dairying 51ha
2750 187 -430 5170 1307 534 6380 1862 703
Lowland Cattle^- 
& Sheep 51ha
-54 -419 -423 944 44 16 1443 273 43
Lowland Cattle-*- 
& Sheep 72ha
984 -98 -250 2266 495 154 2907 789 348
General Horti-^ 
culture 17ha
8362 1 0 2 1 - 2 1 2 14558 3892 1633 17656 5315 2677
Pigs and 
Poultry 46ha
3880 493 -93 6730 1807 805 8170 2472 1241
Lowland 1286 -36 -232 2724 631 2 2 1 3443 962 440
Cropping Cattle 
& Sheep 87ha
0% | 3% | 5%
Forestry J 6579 I 568 I -172
NOTES: 1 For Lowland Cattle and Sheep farms it is assumed there
are no Annual Labour Units (A.L.U.s) for farmer and 
wife.
2 General Horticulture values include 1.3 A.L.U.s for 
farmer and wife. All other farming types have 1 
A.L.U. for farmer and wife.
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7 Discussion of Results
Figures 1,2 and 3 show graphically the N.D.R.s for agriculture and 
forestry at various discount rates. It is evident that the 
assumption for ’capital replacement' is critical to the outcome of 
agricultural N.D.R.s. Using the 3% discount rate, all but one of 
the agricultural investments produce a higher N.D.R. than 
forestry, assuming a 2 0 year period for capital replacement. 
Using the 10 year capital replacement assumption, forestry is more 
profitable, at the 3% rate, than all the agricultural 
investments. At 15 years, the forestry N.D.R. is roughly the same 
as half of the agricultural investments.
The graphs also illustrate that any discussion between the two 
uses is greatly influenced by the discount rate chosen. At 
discount rates up to 2% the advantage lies with forestry. At a 
4-5% rate, the advantage lies with farming. A 2-3% rate favours 
neither activity to any great extent.
These are general conclusions from the comparison suggesting that 
lowland agriculture does not always fare better than forestry.
Let us consider the N.D.R.s for agriculture using the 15 year 
capital replacement assumption.
i At all the discount rates the horticulture and pigs and
poultry investments are more attractive than the best
forestry investment.
ii Lowland cattle and sheep (51 ha holding) fares poorly
compared with forestry.
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FIGURE 1 Forestry and Agriculture N.D.R.s
Agric. N.D.R.s at 10 yr capital replacement
Key GH General Horticulture 17 ha
FOR Forestry, SP, Yc12, 70 yr Rot.
PP Pigs and Poultry 46 ha
SD, 1 Specialist Dairying 51 ha
SD, s Specialist Dairying 30 ha
LCCS Lowland Cropping, Cattle and Sheep 87 ha
LCS, 1 Lowland Cattle and Sheep 72 ha
LCS, s Lowland Cattle and Sheep 51 ha
NDR £/ha x 10'
84.
72.
FOR
60.
48-
PP
36.
SD,I
24.
LCCS12.
LCS,I
LCS.s
Discount rate
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FIGURE 2 Forestry and Agriculture N.D.R.s
Agric. N.D.R.s at 15 yr capital replacement
N.D.R. £/ha x 10
2
Key GH General horticulture 17 ha
FOR Forestry, SP, Yc12, 70 yr Rot
PR Pigs and Poultry 46 ha
SD, 1 Specialist Dairying 51 ha
SD, s Specialist Dairying 30 ha
LCCS Lowland Cropping, Cattle and Sheep 87 ha 
LCS, 1 Lowland Cattle and Sheep 72 ha 
LCS, s Lowland Cattle and Sheep 51 ha
GH
84.
72.
PP
GD.I
48-
36.
SD s
4-CCS
24.
LCS,I
12.
LCS s
Discount rate [%)
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FIGURE 3 Forestry and Agriculture N.D.R.s
Agric. NDRs at 20 yr capital replacement
Key GH General Horticulture 17 ha
FOR Forestry, SP, Yc12, 70 yr Rot
PP Pigs and Poultry 46 ha
SD, 1 Specialist Dairying 51 ha
SD, s Specialist Dairying 30 ha
LCCS Lowland Cropping, Cattle and Sheep 87 ha
LCS, 1 Lowland Cattle and Sheep 72 ha
LCS, s Lowland Cattle and Sheep 51 ha
- 6 -
Discount rate (%)
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iii Cropping, cattle and sheep, large sized holdings of cattle 
and sheep and small sized specialist dairy farms show very 
similar N.D.R.s to that of forestry at the 3% discount rate.
The size and type of the agricultural holding clearly affects the 
N.D.R. Therefore, the decision to either fell a wood and transfer 
the use to agriculture or retain in forestry, will partly depend 
on the size and type of agricultural holding where the woodland is 
located, i.e., if a 15 year capital replacement in agriculture is 
assumed then there is no economic justification to transfer 
woodland for the uses of lowland cattle and sheep, cropping, 
cattle and sheep or specialist dairy farms (small holdings). On 
the other hand, general horticulture, large dairy farms and pigs 
and poultry will produce a higher return than forestry in Surrey.
8 Agricultural Grades of Land
The conclusions in the previous section assume that all types of 
farming can be carried out on all qualities of agricultural land. 
The real situation is that with lower grades of land, the choice 
of farming type becomes more restricted. Before making final 
conclusions in this chapter it will be necessary to look at the 
grades of agricultural land the existing woodlands are situated 
on.
8 .1 Method
The problem with identifying the agricultural grade of woodlands 
is that non-agricultural land is not classified by M.A.F.F. Many
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of the smaller woods in Surrey are not shown on the M.A.F.F. 'one 
inch' land classification maps. Once the location of these woods 
is identified on the land classification map, the agricultural 
grade can be determined without difficulty. However, the grade
for larger blocks of woodland must be inferred from the
surrounding agricultural land. The work was carried out using the
grid references of all the woods described in Chapter 2, the
M.A.F.F. 'one inch' land classification map along with the summary 
of grades of agricultural land in Surrey presented in Chapter 3 
(Figure 1). Table 3 gives the number and area of woods in each 
class of land.
TABLE 3 DISTRIBUTION OF WOODS IN SURREY BY AGRICULTURAL GRADE OF
LAND
Grade
Number of woods 
Area (ha)
106
178
4760
14085
4363
18834
9
22
8 .2 Results
Most of the agricultural land in Surrey is Grade 3 and 4 and not 
surprisingly most of the woodland area is located on this class of 
land.
Grade 1 and 2: The 113 woods (178 ha) on Grade 1 and 2 land
represent 1.2% of all woodlands and only 0.5% of the total 
woodland area.
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Grade 1 land is defined as 'land with very minor or no physical
limitations to agricultural use', while Grade 2 land has only
'some minor limitations which exclude it from Grade 1' and 'a wide 
range of agricultural and horticultural crops can be grown'
(M.A.F.F., 1973). It can be expected that dairying will utilise 
grade 1 and 2 land and high N.D.R.s will result. It would make
sense if the woods occupying Grade 1 and 2 agricultural land were
transferred to agricultural use. Several reasons, however, 
suggest that this is unlikely to occur: 24 of the 113 woods are 
'designated' in some way or used for recreation and publicly
owned. Designation refers to A.O.N.B. and S.S.S.I. (See
Chapter 9 for the full analysis of designated woodlands). It is 
unlikely that these areas of woodland would be felled. This
leaves 140 ha of woodland on agricultural Grade 1 and 2 land which 
could be transferred to agriculture. This is a somewhat
insignificant area considering that between 1960 and 1977 2,000
hectares of woodland were transferred to agricultural use in 
Surrey.
Grade 5: In Surrey there are 9 woods on Grade 5 land, making up
22 ha. All of this area is in the Surrey Hills A.O.N.B. All
except one wood are owned by the National Trust. Grade 5 land has 
very severe limitations for agricultural use. In Surrey it is
restricted to the steepest areas along the scarp face of the North 
Downs. These woods form part of the natural beauty of the North 
Downs and because they are owned by the National Trust, their
continued existence is assured.
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Grade 4 : This is defined as land with severe limitations. Land
in this Grade is generally only suitable for low-output 
enterprises and this will usually involve grass. In Surrey only 
lowland cattle and sheep farming would be carried out on Grade 4 
land.
Assuming replacement of agricultural capital every 15 years, and 
the landowner discounts at 3% per annum, then there is no 
justification in economic terms of transferring woodlands on 
Grade 4 land to agriculture (sec Section 7).
Grade 3: The general conclusion so far is that only on Grade 3
land could woods be transferred to agricultural use. The 
definition of Grade 3 land is 'land with moderate limitations'. 
The definition of Grade 2 land starts 'land with some minor 
limitations which exclude it from Grade 1', and Grade 4 'land with 
severe limitations' (M.A.F.F., 1973). Boddington (1973a) points
out that Grade 3 land Lherefore covers the range between that with 
only minor limitations and that which covers severe limitations. 
It is a very broad grade which may be capable of considerable and 
consistent yields of arable crops, at relatively low cost, at one 
end of the scale and permanent grass at the other end.
There are nearly 5,000 woods on Grade 3 land covering just over
14,000 hectares. The distribution of these woods, by size and 
type, is given in Table 4. The majority of these are deciduous, 
mixed or scrub woodland. They also tend to be small, with around
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88% of woods on Grade 3 land under 5 hectares. As with woods on 
Grade 1 and 2 agricultural land, there is an important constraint 
to the agricultural development of these areas. Table 5 shows the 
size and type distribution of woods on agricultural Grade 3 land 
which are ’designated* in some way. This mainly involves 
A.O.N.B. designation, but also includes S.S.S.T.s and publicly 
owned land used for recreation. It is suggested that a private 
land owner would find it extremely difficult to fell a wood if so 
designated. The use of these woods will be discussed in
Chapter 9. This then leaves half (7,000 ha) of the woodlands 
which are suitable for conversion to agriculture (Table 6).
Farmers are encouraged to make use of all land that is available 
to them. Until 12 years ago (1969) clearance grants were
available through M.A.F.F. Today, some assistance is still 
available through land reclamation grants which do not cover the 
cost of felling trees (which may pay for itself anyway), but which 
are available for the removal of tree roots. If this is the case, 
one would expect these woods to be already in agricultural use. A 
possible explanation for this is that larger woods are less likely 
to be removed than small woods (Taylor, 1979).
A more general explanation for the continued existence of these 
woodlands may be found in the structure of agriculture in Surrey. 
Tn Chapter 3 it was shown that there are a large number of small 
farms; part-time farming is evident in more than half of the farm 
units and owner-occupancy is very common. It can be postulated 
that due to lack of capital, or in some cases incentive, woods 
occupying good agricultural land remain untouched. Furthermore,
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it is possible that the farmer does not want to remove his
woodlands; 90% of woods suitable for conversion to agriculture are 
smaller than 5 hectares (Table 6 ). Many of these woods will be 
shelterbelts and trees in hedgerows and the landowner may view 
them as a benefit to the agricultural enterprise.
This discussion shows that the attitude of the farmer plays an
important part in determining whether woodlands will be converted 
to farmland. A study by Nicholls (1969) for the F.C. showed that
the most important reason for woodland remaining on good
agricultural land was that the woodland had always been there and 
the economics of the traditional land use pattern was not 
questioned by the owner.
9 Conclusion
The comparison of N.D.R.s for forestry and agriculture has shown 
that for most farming types there is little to choose between the 
two land uses.
The woods which occupy land on the farming types which give a much 
higher N.D.R. than forestry, should, on economic grounds, be 
transferred to agricultural use. These types, large specialist 
dairying farms and general horticulture, will generally be found 
on Grade 3 agricultural land. Under present circumstances, due to 
planning and land ownership constraints this is unlikely to 
occur. This perhaps reflects the fact that there is no national 
land use plan for forestry or agriculture in the U.K. This theme 
is discussed in the final chapter.
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CHAPTER NINE 
THE AMENITY VALUE OF WOODLANDS IN SURREY
1 Introduction
In Chapter 2 it was stated that just under a third of Surrey’s 
woodlands were managed for timber. It was also suggested that the 
remainder of this woodland area represents an unused resource. On 
the other hand, the view can be taken that these woods are used 
for amenity as they contribute towards the aesthetic value of the 
Surrey landscape.
This chapter aims to look at the amenity value of Surrey’s woods 
and to evaluate the opportunity cost if timber production has to 
be carried out whilst making concessions to amenity. Finally, the 
effect this will have on the conclusions made in Chapter 5 will be 
considered.
2 The Amenity Value of Surrey's Woodlands
The relatively thick-wooded nature of the county can be regarded 
as a major contribution to the landscape value. The small woods, 
hedgerows and park trees play a significant role, especially on 
the eastern side of the county where there is less woodland cover.
The Surrey County Council (1975) are of the opinion that woodlands 
are of great value to the Surrey landscape; "The rolling landform,
the predominance of mature woodland and the continuing existence
*
of the more traditional small fields with trees and hedgerows 
creates not only a variety of landscape but also an intimate human
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scale where there can be sympathy between land use, landscape, the 
countryside dweller and recreationalist”.
The Surrey County Council have carried out an evaluation of 
landscape in Surrey. The main aim of the landscape survey 
involved the identification of areas requiring planning policies 
for conservation, for amelioration of areas requiring improvement 
and to suggest areas which might be suitable for recreational use 
in landscape terms. It is difficult to arrive at a consensus 
opinion as attitudes on the nature of 'good landscape' differ, 
dependent on personal knowledge and interest in the countryside. 
This landscape survey has, by employing independent observors, 
attempted to arrive at a subjective representation of a range of 
opinions.
A series of grades has been applied to the results;
Grade 1 and 2 land distinguished by stronger relief with an 
emphasis on a well wooded character and well managed farmland. 
Grades 3 and 4 exhibit a wide range of landscape, lacking in 
outstanding features, yet rarely intruded by urban development, 
consisting mostly of pleasant open farmland or heathland with 
widespread woodlands. Generally conforming to an 'average' 
position of the county.
Grades 5 and 6 are located primarily in the urban fringe to the 
north and around the edge of towns.
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The areas of higher quality landscape identified by the survey are 
contained substantially within the Surrey Hills A.O.N.B. and 
designated Area of Great Landscape Value (A.G.L.V.).
The survey concludes that, although topography is often the most 
dominant factor, there are a wide variety of landscapes which owe 
their value to the predominance of woodland, heathland or 
grassland farms.
t*
Conservation
Because of the wide variation in site types, Surrey’s woodlands 
are particularly rich in wildlife. Over the years their 
importance as conservation sites has been recognised by the 
N.C.C. At present there are 4,500 ha of woodland designated as 
Sites of Special Scientific Interest (S.S.S.I.). Table 13 in 
Chapter 2, outlined the characterisitcs of these woods. They 
include some very large woods; 81% of the total area is made up of 
woods larger than ten hectares. Large woods are regarded as 
having a greater conservation value than small woods (Moore and 
Hooper, 1975 and Ratcliffe, 1977).
Recreation
Among the non-timber benefits, recreation is one of the most 
obvious in Surrey. Table 12 in Chapter 2 shows that there are 
around 6,400 hectares of woodland used for recreation in Surrey, 
i.e., 19% of the total woodland area in Surrey. These woods also 
tend to be larger than the average for the county as a whole,
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i.e., the average size of woods used for recreation is 8 . 8  ha, 
while it is 3.6 ha for all woods in Surrey. In the private 
sector, Surrey is exceptionally well endowed with ’open-space’, on 
much of which the public has de-facto right of access. The 
National Trust and Surrey County Council own considerable areas of 
managed woodlands, where car-parks have been constructed and walks 
made (Gilbert et al, 1975).
3 Methods of Amenity Evaluation
In the previous section it was suggested that the woods in Surrey 
were of considerable importance in their contribution to amenity. 
This was done in a rather general and descriptive manner. Could 
it be possible to define the amenity value of woodlands in more 
specific terms and find a money value for amenity? The aim of 
this section is to discuss the various methods which have been 
suggested for amenity evaluation, comment on their applicability 
for woodlands and suggest a possible method for use in Surrey.
3.1 The Methods
Various authors have tried to make evaluations of the landscape 
using a range of quite different methods. This has resulted from 
the necessity, for planning purposes, to be able to identify 
aesthetically satisfying landscapes. In the following discussion 
many of the methods refer only to landscapes and it must be 
remembered that the aim is to consider their application to 
woodlands.
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A Fines* Method
Fines (1968) developed his method in a research project on the 
East Sussex landscape. A worldwide scale of values was devised by 
testing a selected group with photographs to remove personal 
bias. Forty-five persons were selected and each person was asked 
independently to rank and evaluate, in terms of beauty, 2 0  
photographs of landscape and townscape views. Fines uses 
landscape * types' and woodland is only included as a feature of 
the 'low hills' type landscape.
Appleton (1975) has criticised Fines' work for its subjectivity; 
Fines introduces so much subjective assessment into the
preparation of his material that its subsequent processing by 
'objective' methods never carries conviction, e.g., Fines, in 
explaining his sytem, says "a value of 24.0 is taken to represent 
the highest value that can be obtained on a world scale by a 
spectacular view which is not enhanced by transient atmospheric 
phenomena, e.g., some views of the Himalayan peaks. A value of
18.0 is taken to represent the highest that can be obtained by a 
view in Great Britain, e.g., views of the Isle of Skye. A value
of 1 2 . 0  is taken to represent the highest that can be obtained by
a view in lowland Britain, such as the prospect from Newlands
Corner near Guildford over the Lower Greensand hills of Surrey and 
West Sussex".
The method is subjective and there is no reference to the amenity 
value of woodlands. Fines' method is therefore of little use for 
the purpose of determining the amenity value of woods in Surrey.
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B Linton’s Method
Linton’s technique (Linton, 1968) is even more subjective. He 
distinguishes between the following landscape types; mountains, 
bold hills, hill country, plateau uplands, low uplands and 
lowlands and then assigns points to each category (8 ,6 ,5,3, 2  and 0 
respectively). Linton also argues a case for negative points for 
new afforestation where it is in the ’blanket’ form e.g., 
"Continuous forest on lowland or low uplands extinguishes the 
scenic effects of relief completely, so the score must be at least 
-2". This is far too generalised to be of any value and does not 
explain the role woodlands play in enhancing the landscape.
C Helliwell's Technique
Helliwell (1967) attempts to place a monetary value on the amenity 
afforded by trees and woods. An important reason for doing this, 
suggests Helliwell, is that the value of one tree can be compared 
with another when it is necessary to remove one for some reason. 
Helliwell’s system refers specifically to woodlands and therefore 
may be of considerable use in fulfilling the aims stated at the 
beginning of this chapter.
Helliwell has listed 7 factors which he thinks are the most 
important in determining the amenity value of a tree or wood. For 
woodlands, these are as follows; area visible, position in 
landscape, average daylight viewing population, presence of other 
trees or woodlands, accessibility, species and state of crop, and 
any special value. For each factor, the wood is given a score of
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1,2,3 or 4 units, e.g., "position in landscape"; secluded, 1 unit, 
very prominent, 4 units. These units are then multiplied together 
to give a figure ’corresponding to the amenity value'. Thus the 
maximum number of units a woodland can acquire is 16,384. This 
figure can, in turn, be multiplied by a constant figure to obtain 
a monetary value.
Helliwell therefore argues that a small tree or wood occupying a 
locally prominent position may be as valuable as a huge tree or 
wood in a less prominent position. Helliwell’s system is very 
useful for comparative purposes in assessing the relative value of 
trees and woods. However, the system has little use when the 
amenity value of woods is compared with the timber value of woods: 
to change the ’units’ into pounds a constant must be chosen. 
Helliwell suggested £10 in his paper in 1967, but any figure can 
only be chosen arbitrarily and this makes a comparison with timber 
production meaningless.
D Landscape Evaluation with Photographs
This method of evaluation uses photographs of landscapes to test 
the preferences of the public for various types of landscape. In 
this way the components of the landscape can be identified which 
make the view appealing. This may be useful for rural planning 
purposes but it does not help in putting a monetary value on the 
aesthetic qualities of woodlands.
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E Supply and Demand Studies
Most of the studies carried out on the supply and consumption of 
amenity have concentrated on recreational facilities (Carrol, 
1978a). This does not mean the theory cannot be applied to the 
aesthetic value of woodlands; demand studies may concentrate upon 
the demand for the facility but it is probably true that both the 
facility and its setting are viewed as a single product by the 
consumer.
The overall aim of these studies is to use supply and demand 
schedules to derive a value for amenity.
i Demand Studies
A well defined market for amenity does not exist and it is 
necessary therefore to construct a demand schedule using some 
indirect method of relating expenditure to consumption. This 
demand schedule can be used to derive a value for amenity by 
selecting a price for amenity and multiplying it by the numbers of 
individuals who would consume the amentity at that price. There 
are several problems with this, however, which make its 
application unpractical.
- A price must be selected and the same problems of subjectivity 
arise as in Helliwell’s method (see (C)). Carroll (1978a) 
suggests the price selected will be chosen so as to maximise 
revenue or it will be the actual price charged, the latter being 
very unlikely.
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- The problem with amenity as opposed to a recreational facility 
is that it is difficult to define the number of consumers at any 
one time.
Consumers’ surplus could also be used to value amenity. This is 
the aggregate of differences between each consumer’s intrinsic 
value of the amenity experience and the cost incurred to undergo 
the experience, i.e., the benefit gained by the consumers who
would be willing to pay more than the actual price. However, 
values derived from consumers’ surplus must be treated with 
caution; consumers' surplus values of one resource should not be 
compared with market values of another resource. Consumers' 
surplus, as a means of measuring the value of woodland amenity, is 
therefore unsuitable when a comparison is required with the value 
of timber production.
ii Supply Studies
The construction of a supply schedule for amenity is rarely 
attempted since it is impossible to observe various levels of
supply in response to varying prices. Measurement of landscape 
and woodland amenity is very difficult. The 'visitor day’ is not 
appropriate as the road system determines capacity, but the
quality of the beauty of the landscape (wood) determines the
service or consumer satisfaction being supplied (Carroll, 1978a).
Quantifying natural beauty is the real problem and, as yet, there 
is no suitable solution.
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Conclusion
The supply of amenity and especially amenity facilities is often 
predominantly the result of an allocation decision in the public 
sector. This is particularly the case in Surrey where most of the 
informal recreational areas and ’beauty spots’ are owned by 
semi-public and public bodies (see Chapter 2). The supply and 
quality of landscape is often the result of a series of unrelated 
decisions in the typical complex land ownership pattern of lowland 
Britain. It is therefore not surprising that the supply, demand 
and production relationships for amenity are obscure and difficult 
to analyse (Carroll, 1978a). Consumer behaviour, upon which the 
construction of a demand schedule is based, is quite different 
from that which might be observed if private sector commercial 
interests possessed all property rights of access to the 
countryside and were able to charge a fee for the consumption of 
amenity.
This method may be theoretically sound, but the practicalities of 
the procedure make it unsuitable as a means of determining the 
amenity value of woodlands.
F Opportunity Cost
A further aspect of amenity supply studies has been taken by those 
interested in behaviour of landowners. A study by Carrol (1978b) 
indicated that landowners responded to perceived social pressures 
to provide more amenity-oriented woodland. Work by Nicholls 
(1969) already mentioned in Chapter 8 , showed that traditionally
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acceptable land uses were important in determining the land use 
patterns.
Some indication of the decision making processes which shape the 
landscape and determine the use made of woodlands would be useful 
in the economic analysis of amenity.
The following situations may occur;
a Some landowners who have woodlands which do not produce
timber may keep them solely for their amenity value. It 
would be wrong, however, to suggest that these woodland 
owners enjoy benefits at no cost, 
b The woodland is managed for financial benefits alone and no
consideration is made for amenity. The woodland will still, 
however, have amenity value, 
c The owner manages his woodlands for financial benefits but
also carries out amenity-oriented management practices. 
This situation results in a lower return compared to the 
situation if the wood is managed only for financial 
rewards. In carrying out amenity-oriented management of 
land, it cannot reasonably be assumed that landowners behave 
with perfect economic rationality in a well defined market 
structure so as to maximise a clearly defined financial 
criterion.
It is situation (c) which can be used as a basis for evaluating 
amenity. In this case the value of amenity is required so that an
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identification may be made of the trade-off against other goods 
and services, which have a monetary value, provided by the area of 
woodland. In the absence of a market price such an evaluation is 
impossible. However, the opportunity cost of producing a product 
with no price may be calculated. If one assumes that those 
responsible for allocating resources to woodland amenity will not 
allocate any more resources than their own implicit valuation of 
amenity would justify, the opportunity cost provides an indication 
of value.
If the opportunity cost is to be used as a proxy for the value of 
amenity it must be defined in precise terms. It can be defined as 
the difference between the N.D.R. actually achieved and that 
estimated to accrue from the alternative use which produces the 
highest N.D.R.
Can this method be used for the woodland in Surrey? The maximum 
N.D.R. for various woodland types in Surrey was calculated in 
Chapter 5. The problem is to estimate N.D.R.s which result from 
amenity-oriented woodland management practices. It is therefore 
necessary to identify the management practices which are thought 
to increase the amenity value of woodlands.
Amenity-Oriented Management
In their Planning and Economic Paper No. 16 the F.C. (1978) list 
seven amenity considerations which may affect timber production. 
Some of these factors may be more relevant to large scale upland 
planting than small scale woods in the lowlands.
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1 Choice of Species
Normally the species chosen is the one with the highest N.D.R. If 
this is not the case, then a loss of revenue results, e.g., on the 
sandy soils in Surrey, birch may be planted instead of Scots pine 
if the woodland owner regards it as having a greater aesthetic 
value. A much lower N.D.R. would result, however. The same can 
be said if oak had to be planted instead of Norway spruce on the 
clay soils (see Chapter 5).
2 Scale of Working
By increasing the number of species in a wood and practicing 
group felling, rather than clear felling, it is often regarded 
that the amenity value of the wood is enhanced. However, 
operations will become more scattered and on a smaller scale. 
This will certainly increase costs, but it is difficult to
quantify the precise nature of these extra costs.
3 Delayed Felling
Given that the owner’s objective in growing timber is normally to 
maximise N.D.R. and that there is a felling age for each crop 
which maximises N.D.R., then any departure from this felling age 
will lead to a reduction in N.D.R. The felling decision may be 
delayed if it is thought the value of the mature stock of timber 
will increase at a faster rate in the future, e.g., 
a if high payment is expected for large sizes of timber
b if the economic benefits accruing from felling are thought
to be less than the benefits from not felling for amenity 
reasons, then the felling decision will be delayed.
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If non-timber uses are the main purpose of the woodland then 
felling will only occur when the remaining life of the mature 
trees is insufficient to justify further delay in the 
establishment of a new crop which could, in time, provide amenity 
benefits. Thus, it is expected that timber crops will be felled 
at near the age at which timber productivity is beginning to 
decline. Whereas if amenity benefits are recognised the felling 
age will be nearer to the full life-span of the species concerned 
(biological maturity). This may be explained in another way by 
observing that the timber production function is greatly affected 
by the timber production rate, whereas the amenity function is 
affected by the form and shape of the trees (Carroll, 1978b).
4 Planting Areas
To obtain a more natural looking landscape some areas of acquired 
land may be left unplanted. This is more relevant to the uplands 
of Britain than Surrey, e.g., at the upper limit of hillside 
planting to avoid a straight edge.
5 Boundaries, Edges and Roadlines
Irregular shaped boundaries involve increased fencing costs. This 
really applies to new planting and not existing woodland in the 
lowlands.
6 Merged Species Boundaries
If different species are used in adjacent areas it may be 
necessary to have an irregular boundary line, rather than a 
straight line. The extra costs are not easily quantified.
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7 Management Costs
These are the extra costs involved in planning for amenity 
considerations and supervising the chosen course for action. This 
is, again, more relevant to large scale F.C. planting and is 
probably impossible to quantify.
The effect of all these factors together will be significant, but 
the ’choice of species' and the ’felling decision’ are most 
readily quantifiable in terms of reduced N.D.R.s. These two 
factors are also the most important for the situation of existing 
woodlands in lowland Britain (Surrey).
This section has reviewed some of the methods available for the 
evaluation of amenity. It would appear that the opportunity cost 
method is the most useful and can actually be applied to Surrey. 
Before this can be done situations where the N.D.R. will be 
reduced, due to amenity considerations, must be identified. This 
is the aim of Section 4 of this chapter.
4 Restrictions on Timber Management Practices in Surrey
Woodland management regimes, which do not produce the maximum 
possible N.D.R., may arise because of two quite different reasons. 
1 Local Authority Planning policies may result in ’designated'
areas which impose restrictions on the use of woodlands. 
This may enforce owners to make decisions regarding the 
species used or the rotation length which will not produce 
the maximum N.D.R. for the site concerned.
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2 Carroll (1978b) has carried out studies which have shown 
that woodland owners react to perceived social pressures and 
do not always carry out management practices which maximise 
N.D.R.
Both these factors will now be discussed with particular reference 
to Surrey.
4.1 Planning Restrictions
4.1.1 A.O.N.B. Designation
It has already been mentioned that there is a large area of 
woodland in Surrey designated as ’Area of Outstanding Natural 
Beauty’. On 1 July 1948 a large area of the North Downs, Leith 
Hill, Hurtwood and subsidiary areas were designated by the 
National Parks Commission (now the Countryside Commission) as the 
Surrey Hills A.O.N.B. The Order was confirmed by the Minister of 
Housing and Local Government in 1958 and it designated 160 square 
miles. This designation conferred on the area a significance 
second only to that of a National Park. A.O.N.B.s are the 
responsibility of the local planning authority who have powers for 
the ’preservation and enhancement of natural beauty’. Much of the 
Surrey Hills A.O.N.B. has been opened up by the provision of
public access by agreement with landowners or by acquisition and
Cullingworth (1976) notes that there has been 'increased public 
access in the Surrey Hills A.O.N.B.'.
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Other areas In Surrey have been shown in the County Development 
Plan as ’Areas of Great Landscape Value’ (A.G.L.V.). ft is 
intended that the principal land uses in these areas shall be 
those connected with agriculture and forestry. The area
designated as A.G.L.V. is shown in Figure 1, along with other
designated areas in Surrey.
In the A.O.N.B. policy of the local authority there is nothing to 
suggest there are restrictions on the use of woodlands in Surrey. 
If, however, one looks at the Surrey Structure Plan (Surrey County 
Council, 1980), ’Policy 85’ states that 'the local planning 
authority will seek to ensure that the extent of the tree cover is
maintained and that replanting takes place with at least a
proportion of hardwood species’. Part 3 of this policy also
states that ’where grants are not available from the F.C. or 
Countryside Commission, the local authority will enter into
agreement to encourage individual landowners to undertake new
planting. Grants will be made available where a positive
environmental gain would result'.
In making conclusions it is necessary to generalise for a large 
area where in fact each site will be considered on its own by the 
local authority. However, it is probably a fair interpretation 
that where the local authority is concerned with woodland (i.e., 
in the A.O.N.B. and A.G.L.V.) efforts will be made to ensure at 
least a proportion of new planting and re-afforestation is of 
hardwood species. It is situation (c), outlined in the discussion
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of opportunity cost, which will result, if timber production is 
carried out.
4.1.2 Sites of Special Scientific Interest (S.S.S.I.)
The Nature Conservancy Council (N.C.C.) have formally notified the 
local planning authority of some 45 S.S.S.I.s, which incorporate 
around 4.5 thousand hectares of woodland. On privately owned 
S.S.S.I.s there is contact between owners and the N.C.C. which 
allows the N.C.C. to influence the management of the wood. 
Management practices will be geared to maintaining the wood in the 
state in which it was designated for its conservation value. As 
Carroll (1978b) points out, the presence of an S.S.S.I. is 
normally associated with a long established woodland which has 
been managed for specific purposes, other than timber production.
Woodlands managed for conservation also tend to have a high 
amenity value. Peterken (1977) argues that the principles for 
conservation reinforce the amenity principles. In this paper it 
is suggested there are 5 current principles for ’good' amenity.
1 Naturalness: Scenes in which man is not too obtrusive are 
preferred to 'regiments' of conifers.
2 Maturity: Age and maturity are attractive features. Mature
woods not only make a greater visual impact, but they 
reinforce the sense of tradition (see 5). Even regularly 
spaced plantations generally depreciated in their youth, are 
appreciated in their maturity when the natural form of the
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trees and irregular losses from the stand may conceal the 
plantation origin from the casual observer.
3 Scale: The various elements in the landscape have to be of
such a size, shape and situation that they blend into a
harmonious design. The small scale of the British landscape 
is a traditional feature which enhances variety.
4 Variety: Variety enhances the amenity value, but variety
comes in many forms.
i Structural variety, with stands of different age classes,
glades and vistas.
ii Regional, in which each part of Britain has its local
characterisitcs and identity.
iii Seasonal, notably the summer-green, winter-bare aspect which 
is the natural and traditional background of the British 
landscape.
5 Tradition: People object both to the felling of woods and 
the planting of unwooded ground, an apparent contradiction 
which is really an objection to change. Change is, however, 
accepted if the rate of change is slow or moderate, indeed 
such changes may not even be noticed.
In general terms, the nature conservation principles reinforce the 
amenity principles; naturalness is a fundamental concern of nature 
conservation. Maturity provides habitats which were
characteristic of natural woodland. Diversity provides
opportunity Cor the maximum number of species. Traditional 
management tends to favour wildlife and at least maintains
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habitats as they have been maintained in the past. Moderating the 
rate of change enables slow colonisers - often the rare species -
to keep pace. The ’scale factor* is equivocal, it is better to
retain the existing small scale patchwork in order to minimise the 
rate of change, but the natural woodland wildlife of Britain might 
have fared better if woodlands had survived in large contiguous 
blocks (as on much of the continent), rather than as the small
woods within which many woodland populations are biologically 
isolated and thus prone to extinction locally.
From this discussion it is clear that in woodland S.S.S.I.s, the 
’species’ and ’delayed felling' factors will result in the 
reduction of N.D.R.s obtainable. In addition, the management of 
such woods by the shelterwood system (irregular forestry) will
also have an effect on N.D.R.
4.1.3 Tree Preservation Orders (T.P.O.)
T.P.O.s not only apply to individual trees but to groups of trees 
and woodlands. There are many operative T.P.O.s in the country, 
many of them made in the 1950s before the introduction of the 
licensing system under the F.C. (See Chapter 7 on the legal 
background for forestry operations).
T.P.O.s have been criticised because they only preserve and are a 
negative constraint. They are necessary at times and for a time, 
but always on the side of death ordering the holding up of the 
ageing and aged (Denman, 1974). In their study of woodlands on
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agricultural holdings, Westraacott and Worthington (1974) found 
there was an almost unanimous dislike of T.P.O.s amongst farmers, 
the general opinion being that the regulation is totally unsuited 
to rural areas. The question to be answered here is, ’do T.P.O.s 
restrict the range of management options open to the woodland 
owner?’ Under the provisions of the Town and Country Planning Act 
1947, a local authority may, in the interests of amenity, make a 
T.P.O. on trees, clumps of trees and woodlands in their area. 
Once these Orders have been confirmed by the Minister of Housing 
and Local Government, plans for the felling of trees or the 
development of woodlands covered by T.P.O.s must be passed by the 
local authority and the F.C. Dedicated woodlands and all areas 
which receive a F.C. grant are exempt from this form of control. 
A landowner can claim compensation if he is refused permission to 
fell mature timber because of an Order. The resultant delayed 
felling of woodlands has been the main criticism levelled at 
T.P.O.s by many landowners. Hardwoods are considered of higher 
amenity value than conifers and it is common for local authorities 
to insist, in any development of woodland covered by a T.P.O., 
that a very high proportion of hardwoods are planted 
(Lorrain-Smith, 1967). It can be concluded, therefore, that 
delayed-felling and a restriction on the choice of species are the 
management constraints which will face the owner of a woodland 
covered by a T.P.O.
4.1.4 The Green Belt (G.B.)
The aim of this section is to determine if G.B. policies will
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restrict the woodland manager In anyway. The whole of Surrey, 
outside the urban areas, comes under G.B. policies. Since its 
inception in 1958 the G.B. has had a primarily strategic role, 
acting as a physical constraint on the outward spread of London 
and encouraging diversion of growth to other areas. A more 
positive policy of the G.B. is to provide within it the space 
needed for recreational pursuits, both active and passive, away 
from the urban environment.
There is nothing in G.B. policies which will directly effect the 
way a woodland owner manages his woodlands. However, the fact 
that Surrey is adjacent to London and in the G.B., may have an 
indirect effect on the way landowners manage their woodlands. 
This will be discussed in the next section.
4.2 Restrictions on Timber Production Caused by Social Factors 
A study by Carroll (1978b) used opportunity cost as a measure of 
the extent to which management behaviour was directed towards 
amenity uses of woodlands. (Amenity uses were defined as 
landscape, shelter and sporting). The measure of opportunity cost 
employed in this study was calculated by dividing the increase in 
N.D.R. which might have been achieved if timber production had 
been the only use of the woodland on a land unit by the actual 
N.D.R. from timber production on that unit, i.e., the opportunity 
cost ratio (O.C.R.).
O.C.R. = MAXIMUM POTENTIAL N.D.R. - ACTUAL N.D.R.
ACTUAL N.D.R.
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The O.C.R. indicates the relative degree of 'financial efficiency' 
of the land unit, on the assumption that only timber uses provides 
financial benefits. Carroll calculated the maximum potential 
N.D.R. in the following manner.
a The timber species which gave the highest N.D.R. on the land
unit in question was noted and assumptions were then made 
concerning the extent to which this species could be used 
more widely on the land unit, 
b The amount of timber which could be cut each year was
estimated, so that a normal age class distribution would be 
achieved. Carroll then used a multiple-linear regression 
model to test the statistical significance of the 
relationship between behaviour and land unit 
characteristics.
The aim of this section is to determine if any of the results 
apply to Surrey.
In the South-East region (S.E.) the sample used for the model 
included the counties of Surrey, Sussex and Hampshire. For both 
privately and publicly owned woods the 'population density index’, 
as the single independent variable in a regression, accounted for 
62% of the variation in O.C.R. Carroll concludes that population 
density produced a strong awareness of social pressures for 
amenity in the mind of the manager, with the result that timber 
management practices which maximise N.D.R. were not found. A 
regression model incorporating only the 'population density index'
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and the '% of woodland area subject to Influence by local planning 
authority actions’ accounted for 73% of the variation of O.C.R. 
Carroll again suggests this is evidence for the importance of 
social pressures in influencing management behaviour and 
practices.
If private individuals alone are considered in the S.E. region 
then the ’population density index' becomes even more important. 
With only this single factor as the independent variable, 87% of 
the variation in O.C.R. was accounted for. A typical difference 
in the population density index score of, say, 1 ,0 0 0 , which would 
approximate to the difference between a land unit 1 0 miles further 
from London than another land unit tended, ceteris paribus, to be 
associated with a difference in potential for increasing N.D.R. of 
40%. It is worth noting that it was only in the S.E. region that 
the population density factor was significant.
For publicly owned woods in the S.E. (mainly F.C.), Carroll found 
that the 'trespass score' was very important. A regression model 
with only the trespass score as an independent variable accounted 
for 81% of the variation in O.C.R. Thus local F.C. managers 
tended to provide for amenity in areas of greatest perceived 
public pressures.
Surrey is a highly populated county (see Chapter 1), and it can be 
concluded that the effects found by Carroll will generally apply 
to the woodlands in Surrey. This reinforces the earlier
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assumption that the choice of species and felling regime will not 
be optimal for producing the maximum N.D.R.
4.3 Woodlands Used for Recreation
This aspect of amenity woodland management is really the result of 
ownership characterisitcs. In Surrey woods used for informal 
recreation are generally owned by public and serai-public bodies 
(e.g., district councils, National Trust). There are some 
6,400 ha of woodland used for informal recreation in Surrey.
Woodlands managed as part of a recreation area will not normally 
produce the maximum N.D.R. for that site type. There are several 
reasons for this:
1 Extra costs are incurred which are required to maintain the 
physical carrying capacity of the area, e.g., preventing 
path erosion.
2 The woodlands are more open than would be normally expected 
if timber production was the only concern. There are also 
more paths for access into the wood. As a result the normal 
stocking rate is not usually achieved and the maximum 
N.D.R. cannot be obtained.
3 The recreation experience is enhanced if the surroundings 
are pleasing. It is therefore regarded that the management 
of woods used for recreation also aims at improving the 
aesthetic qualities of the site.
4 Recreational provision generally occurs on publicly owned 
land. This is the case in Surrey. This is because it is
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difficult for the private owner to make a charge for the 
extra costs he incurs. Public ownership of land usually 
means that social costs and benefits are taken into
consideration as well as the private costs and benefits. It 
is therefore to be expected that timber production is not 
the only concern in publicly owned woodlands.
5 Calculation of the Opportunity Cost of Amenity-Oriented
Woodland Management in Surrey 
In Chapter 5 conclusions were made regarding the area of unused 
woodland which had the potential to be utilised for timber 
production. The potential volume of timber which could be 
produced from this area was also estimated. The N.D.R.s of the 
management regimes used in making these estimates will be taken as 
the maximum N.D.R.s obtainable in Surrey. The aim of this section 
is to estimate the N.D.R.s which might be obtainable if the 
amenity-oriented management practices, outlined in the previous 
sections, were carried out. The opportunity cost of the foregone 
revenues can then be estimated and this will be used as a proxy 
for the value of amenity in these woods.
5.1 Maximum N.D.R.s for Woodlands in Surrey
After giving consideration to physical and economic factors it was
decided the optimal management regimes for Surrey are as follows 
(Table 1).
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TABLE 1 OPTIMAL MANAGEMENT REGIMES AND N.D.R.s FOR SURREY £/ha
Site Type Species_______System_________YC Rotation 0% 3% 5%
1 Sand Scots pine Regular high 12 70 years 6579 568 -172
forest
2 Clay Norway spr. (Mixed 16 70 years) 8526 300 -458
+ oak (shelterwood 4 90 years)
3 Chalk W. hemlock (Mixed 18 65 years) 8491 475 -361
+ beech (shelterwood 6 95 years)
5.2 The next step is to make assumptions regarding the precise 
nature of the amenity-oriented management practices. It is 
difficult to generalise, when each woodland will have its own 
characteristics, but various possibilities can be drawn up for the 
different site types.
5.2.1 Sand Site Types
Of all the species suitable for the sand site types, Scots pine 
produces the largest N.D.R. Owners may, however, plant birch, or 
allow it to regenerate, for amenity reasons. It is commonly found 
on the heaths and scrubs in this county and once mature 
complements Scots pine in a mixed stand.
Scots pine, Yc 12, is felled 70 years after planting, to maximise 
N.D.R. Scots pine does not, however, attain its characteristic 
form until 1 0 0 years or more, with its natural life-span being 
around 250 years (Mitchell, 1974). Owners may wish to retain some 
older trees in their woods to improve amenity.
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Regular high forest will allow the maximum N.D.R. to be obtained. 
Clear felling may not be possible if amenity is a concern of 
management and an uneven-aged stand is introduced, i.e., if some 
of the Scots pine is retained to 100 years, instead of 70 years, 
then the wood will have to be worked on a selection felling system 
and an uneven-aged stand will result.
It is difficult, however, to quantify the additional costs 
involved and this will not be considered in the estimation of 
opportunity costs of amenity management.
N.D.R.s can now be estimated for the following amenity management 
options of 1 hectare of Scots pine, Yc 12, 70 year rotation,
a 0.75 ha is Scots pine, Yc 12, 70 year rotation; 0.25 ha is
birch.
b 0.75 ha is Scots pine, Yc 12, 70 year rotation; 0.25 ha is
Scots pine, Yc 12, 100 year rotation, 
c 0.50 ha is Scots pine, Yc 12, 70 year rotation; 0.25 ha is
birch and 0.25 ha is Scots pine, Yc 12, 100 years rotation.
The ’0.25* is arbitrary; the calculation could also be done using, 
say, 0 .1 0 .
It must be remembered that it is a hypothetical situation under 
consideration, but one which is possible in Surrey.
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It can be expected that the birch trees would be dispersed
throughout the woodland in small pockets. They would also be more 
common towards the boundary of the wood, as there is no point in 
planting ’amenity trees’ if they cannot be seen.
5.2.2 Clay Site Types
For silvicultural and economic reasons it was proposed that Norway 
spruce and oak, managed as mixed shelterwood, is the most 
appropriate system for the clay lands of Surrey. The N.D.R. (in 
Chapter 5) was estimated assuming a 50:50 mix of the species. 
This will be of considerable amenity value, but it will be
worthwhile estimating the N.D.R. if the oak contribution was
increased to 75% of the unit area.
Landowners may well retain oak much longer than 90 years for 
amenity reasons. They do not reach biological maturity until
250-300 years (Mitchell, 1974). Let us suppose the woodland 
manager retains them until they are 150 years, which is the
maximum age the F.C. Yield Tables take account of.
The following N.D.R.s can be calculated for the Norway spruce/oak 
system occuping 1 ha.
a Norway spruce occupies 25% of the area, oak 75%.
b Norway spruce occupies 75% of the area, oak 25%.
c Norway spruce and oak contribute equally, but the oak is
worked on a 150 year rotation, 
d The same as (b) but oak is retained until it is 150 years 
old.
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e The same as (a), but oak is retained until it is 150 years 
old.
It may be expected that situation (e) produces the lowest N.D.R.
5.2.3 Chalk Site Types
Western hemlock and beech, managed as mixed shelterwood, is the 
most appropratie system for the chalk areas of Surrey. The
N.D.R., in Chapter 5, was estimated assuming a 50:50 mix of the 
species.
The viewpoint can be taken that the amenity value could be
increased if the contribution made by the beech was increased.
The expected life span of beech is around 220 to 230 years
(Mitchell, 1980). The assumption can be made that landowners, in 
the interests of amenity, will retain beech stands until they are, 
say, 150 years old.
The following N.D.R.s can be calculated for the Western
hemlock/beech system, occupying 1 ha:
a 25% of the area Western hemlock (WH), 75%bBeech. 
b 75% WH, 25% beech.
c 50% WH, 50% beech. Beech is worked on a 150 year rotation,
d 75% WH; 25% beech is retained until it is 150 years,
e 25% WH; 75% beech. Beech is worked on a 150 year rotation.
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Assuming that hardwoods, and especially older hardwoods, do have a 
greater aesthetic value than conifers, then case (b) will have the 
lowest amenity value while case (e), the highest amenity value.
The species choice and the time of felling are the aspects of 
amenity management upon which this analysis has concentrated.
Hardwoods at Wide Spacing
In Chapter 5 (Table 4) it was shown that hardwoods at wide spacing
«
was a profitable system of management. The system has not been 
fully tested in Britain and its success cannot be guaranteed. It 
does, however, provide another option for amenity woodland 
management especially in the Surrey Hills A.O.N.B. It provides 
relatively open woodland consisting of hardwoods, and at the same 
type a good N.D.R. is obtained (£822/ha at the 3% discount rate).
Nevertheless the system has not been fully tested on silvicultural 
grounds and it would not be prudent to suggest its implementation 
where recreation and amenity are management concerns.
5.3 Method of Calculation
The N.D.R.s for amenity-oriented woodland management will be 
estimated for a unit area of 1 hectare.
The loss of revenues resulting from the substitution of one 
species by a less profitable species can be estimated simply by 
comparing the N.D.R* TK-.s cao. also be clone U)fie.ri
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species are in a mixture by altering the proportion of each 
N.D.R. contributing to the total N.D.R. per hectare. This means 
that the costs for each species contribute in these proportions. 
As in Chapter 5, when the N.D.R. of mixed species woodland was 
estimated, it is assumed there is no additional cost in managing 
mixtures.
In order to calculate the revenue foregone from delayed felling it 
is necessary to compare the discounted revenue (D.R.) at the 
optimum felling age and the D.R. at the chosen felling age, the 
difference being measured at the year of decision. This will be 
the time of normal felling in the case of delayed felling, e.g., 
if the age of maximum discounted revenue is 70 and the difference 
in D.R. to year 0 is £50, than at year 70 the difference of £50 
has to be compounded forward 70 years at the appropriate rate.
There will also be extra costs involved. The discounted 
expenditure on additional maintenance will have to be incorporated 
into the final estimate of N.D.R.
5.A Results
All the comparisons will be made at the 3% rate of discount.
1 Sand Site Types
The maximum N.D.R. for the sand site types in Surrey is £568/ha,
i.e., Scots pine, Yield Class 12, managed on a 70 year rotation.
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Amenity Management Options, for 1 ha of Woodland 
a 25% birch; 75% Scots pine.
Scots pine N.D.R. = 0.75 x £568; £426
Revenues and costs must be constructed for birch. The details of 
these are laid out in the Appendix to this chapter. The following 
are the assumptions used in the estimation of the N.D.R. for 
birch. The F.C. manages some areas of birch (see Chapter 2) and 
the majority of this is Yield Class 4. A Yield Class of 4 will 
therefore be used for birch and this means that a rotation of 50 
years will produce the maximum N.D.R. Birch wood is usually only 
sold for turnery and pulpwood and Hart (1980) considers the price 
range to be in the region of £3-5/M^ for standing timber. A price 
of £4/M^ has therefore been used and applied to all sizes of 
timber.
Birch is a quick growing, short lived and light demanding species 
and it is generally agreed the costs of birch management are more 
closely related to those of conifers than hardwoods. For this 
reason the costs for conifers (Model A in Chapter 5) have been 
used in the estimation of N.D.R. for birch.
The results are as follows 
D.E. 810 £/ha 
D.R. 418 £/ha
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For this management regime: birch; 0.25 x -392 = £-98
Scots pine; £426
The N.D.R. per hectare is therefore £328/ha. The opportunity cost 
of introducing birch is therefore 568 - 328, i.e., £240/ha.
Birch as Coppice At the costs assumed here, birch is a very
unattractive investment. It may be possible, however, to utilise 
birch without the large expenditure on establishment (i.e.,
£395/ha). Birch is apt to regenerate naturally on the dry, sandy
soils of . Surrey and can be managed as a coppice system. Assuming
that establishment costs can be excluded then it can be expected 
that birth could, at the 3% discount rate, break even, i.e., the 
N.D.R. equals zero.
The opportunity cost would then be 568 - 426, i.e., £142/ha.
b 75% Scots pine, rotation 70 years; 25% Scots pine, rotation 
1 0 0 years.
N.D.R. Scots pine (70years); 568 x 0.75 = £426
N.D.R. Scots pine (100 years). The details of the discounted 
costs and revenues are set out in the Appendix to this chapter.
D.E. 785 £/ha 
D.R. 1214 £/ha N.D.R. £429/ha
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Additional costs were included in the form of annual maintenance 
to cover the years 70 to 100. However, at the 3% discount rate
the D.E. is approximately the same as that of a 70 year rotation.
It is generally the case that, in calculations of the effect of
delayed felling, the D.E. is assumed to remain constant (F.C., 
1978).
Scots pine (100 years); 0.25 x 429 = £107 
N.D.R./ha; 107 + 426 = £533/ha
The opportunity cost is therefore 568 - 533, i.e;, £35/ah.
This, however, assumes the decision to delay felling is made at 
year 0, i.e., the planting year. In actual fact the decision to 
delay felling will normally be taken at year 70, i.e., the year 
where felling would normally take place to maximise N.D.R. The 
opportunity cost is then 35 x 7.9178 = £277/ha. Therefore by
retaining 25% of the area 30 years beyond the age of maximum 
N.D.R., there is a cost, calculated to the date of decision, of 
£277/ha.
c 50% Scots pine, rotation 70 years;
25% Scots pine, rotation 100 years;
25% birch
As in (a) it will be assumed birch can be managed as coppice and 
the N.D.R. is zero at the 3% rate of discount*
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Scots pine, 70 years; 0.50 x 568 = £284
Scots pine, 100 years; 0.25 x 429 = £107
N.D.R. = £391/ha
The opportunity cost, calculated to the year of planting is 
568 - 391,7i.e., £177/ha
At the year of decision of delayed felling not all of the £177 is
due to the delayed felling. Part of it is as a result of the area
of birch, i.e., £142. The opportunity cost of delayed felling, 
calculated at the year of decision, is £35 x 7.9178 = £277/ha.
The total opportunity cost is therefore 277 + 142 = 419 £/ha
2 Clay Site Types
The maximum N.D.R. for the clay site types is thought to result 
from an equal mix of Norway spruce and oak, i.e., £300/ha (3%
discount rate).
Amenity Management Options 
a 25% Norway spruce (NS), 75% oak.
NS N.D.R.; £1030/ha 0.25 x 1030 = £257.5
Oak N.D.R.; £-430/ha 0.75 x -430 = £-322.5
The N.D.R./ha is £-65/ha 
The opportunity cost is therefore £365/ha
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b It is apparent that if all the oak was replaced with Norway
spruce then the greatest N.D.R. could be obtained. However, the 
reasons for the mixture of species is silvicultural. To ensure 
establishment of the spruce it must be grown with a hardwood 
species.
If only 25% oak was required, this would produce a larger N.D.R. 
than if 50% oak was required, i.e.,
NS 0.75 x 1030 = £772.5
Oak 0.25 x -430 = £107.5 N.D.R. * £665/ha
It all depends on how much oak is required on silvicultural 
grounds, but for this analysis it will be assumed 50% is the 
minimum requirement.
c 50% oak, 50% Norway spruce. The oak is worked on a 150 year
rotation.
NS: 0.50 x 1030 = £515
Oak; The details of the discounted expenditure and revenues are 
set out in the Appendix. As in the case of Scots pine, the 
discounted expenditure does not increase by much (only £18/ha). 
D.R. £524/ha
D.E. £1228/ha N.D.R. £-704/ha
0.50 x -704 = -£352 
N.D.R. (NS + Oak ); £163/ha 
The opportunity cost is 300-163; £137/ha.
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If the opportunity cost is calculated to the year of decision of 
delayed felling (90), then it becomes 137 x 14.30046 = £1959/ha.
d Norway spruce 75%; oak 25%, worked on a 150 year rotation.
NS : 0.75 x 1030 = £772.5
Oak : 0.25 x -704 = £-176
N.D.R. £597/ha
Using (b) as the maximum N.D.R., then the opportunity cost is 
665 - 597; £6 8 /ha.
e Norway spruce 25%; oak 75%, worked on a 150 year rotation.
NS : 0.25 x 1030 = £257.5
Oak : 0.75 x -704 = £-528
N.D.R. £-270/ha
The opportunity cost is 300 - (-270); £570/ha.
Opportunity cost at the year of decision of delayed felling; part 
of the £570/ha opportunity cost is the result of the reduction in 
area of Norway spruce, i.e., £365/ha (see (a)). The opportunity 
cost of delayed felling is therefore £205/ha. If this is 
compounded for 90 years the opportunity cost at the year of 
decision is 205 x 14.30046: i.e., £2,931/ha. The total
opportunity cost is £3,136/ha.
^ The Chalk Site Types
The maximum N.D.R. for the chalk areas in Surrey was estimated at 
£475/ha, i.e., an equal mix of Western hemlock and beech.
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Amenity Management Options 
a 25% Western hemlock (WII); 75% beech.
WH: 0.25 x £1622 = £405.5 Beech: 0.75 x £-674 = £-505.5
N.D.R., £-100/ha 
The opportunity cost is 475-(-100): £575/ha
b 75% Western hemlock; 25% beech.
WH: 0.75 x £1622 = £1216.5 Beech: 0.25 x £-674 = £-168.5
N.D.R. £1048/ha
If this was silviculturally possible this would be the maximum 
N.D.R.
c 50% Western hemlock; 50% beech, worked on a 150 year
rotation.
WH: 0.5 x £1622 = £811
Beech: 150 year rotation. Details of the discounted costs and
revenues are given in the Appendix.
D.R. £411/ha
D.E. £1241/ha N.D.R. £-830/ha
0.5 x -830 = £-415 
N.D.R. (WH + beech): £396/ha
The opportunity cost, calculated at the year of planting, is 
475 - 396: i.e., £79/ha.
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The opportunity cost calculated at the year of decision of delayed 
felling is £79 x 16.5782 = £1310/ha.
(The year of normal felling is 95).
d 75% Western hemlock; 25% beech, worked on a 150 year
rotation.
WH: 0.75 x £1622 = £1216.5 Beech: 0.25 x -830 = £-207.5
N.D.R. £1009/ha
Using management option (b) as the maximum N.D.R., the opportunity 
cost is 1048 - 1009: £39/ha. Calculated to the year of decision 
of delayed felling, the opportunity cost is 39 x 16.5782, i.e., 
£647/ha.
e 25% Western hemlock; 75% beech, worked on a 150 year
rotation.
WI1: 0.25 x £1622 = £405.5 Beech: 0.75 x -830 = £-622.5
N.D.R. £-217/ha
The opportunity cost, calculated at the year of planting, is 
475 - (-271), i.e., £692/ha.
Part of the £692/ha is a result of the reduced area of Western
hemlock, i.e., £575, which leaves £117/ha resulting from delayed 
felling.
The opportunity cost of delayed felling at the year of decision
(95 years) is 117 x 16.5782, i.e., £1840/ha. The total
opportunity cost if £2415/ha.
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The results of all these management options are summarised in 
Table 2.
5.5 Discussion of Results
Firstly it must be remembered that these management regimes are 
all hypothetical. They have been constructed in order to evaluate 
the amenity of woodlands in Surrey.
Table 2 shows that considerable losses can occur from management 
practices geared towards amenity. An increase in area of a less 
profitable species will obviously reduce the overall N.D.R. A 
5 ha woodland of Scots pine which has a quarter of the area under 
birch has an opportunity cost of £710. In other words, the 
woodland owner must value the contribution the birch makes to the 
overall aesthetic value of the wood at £710.
*
Increasing the area of species such as beech and oak, which are 
even less economically attractive than birch, has a considerable 
effect on the N.D.R., and increases the opportunity cost. This 
also means that the amenity value is greater since the assumption 
is that costs equal benefits. A problem with this approach is 
that any landscape project automatically justifies itself since 
costs equal benefits. Nevertheless, in managed woodlands where 
the maximum N.D.R. is not obtained, and the manager realises this, 
then the opportunity cost must be the implicit evaluation of 
amenity.
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TABLE 2 N.D.R.s AND OPPORTUNITY COSTS FOR AMENITY-ORIENTED 
MANAGEMENT PRACTICES
(£/ha) 3% DR
Max. 0 pp.
Amenity Management Option NDR NDR Cost
la 25% birch; 75% Scots pine 426 568 142
b All Scots pine, but 25% on 100 yr. rotation 533 568 35
As above, but calculated at year of decision 533 568 277
c 25% birch; 75% Scots pine with 25% of the 391 568 177
Scots pine on 100 yr. rotation. As above,
but calculated at year of decision. 391 568 419
2a 25% spruce; 75% oak -65 300 365
c 50% spruce; 50% oak, 150 yr.rotation 163 300 137
As above, but calculated at year of decision 163 300 1959
e 25% spruce; 75% oak, 150 yr. rotation -270 300 570
As above, but calculated at year of decision -270 300 3136
3a 25% hemlock; 75% beech - 1 0 0 475 575
c 50% hemlock; 50% beech, 150 yr. rotation 396 475 79
As above, but calculated at year of decision 396 475 1310
e 25% hemlock; 75% beech, 150 yr. rotation -217 475 692
As above, but calculated at year of decision -217 475 2415
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From Table 2 it can also be seen that the size of the opportunity 
cost arising from delayed felling depends on the year when it is 
calculated, i.e., at the year of planting or the year of normal 
felling. The F.C. suggest that the year of normal felling should 
be used in such calculations (F.C., 1978). If this is the case 
then the effect of delayed felling is much greater than the 
'species effect', e.g., a 5 ha woodland of Norway spruce and oak 
in equal mixture, with the oak retained to 150 years, has an 
opportunity cost of around £9,800.
Woodlands in the A.O.N.B.
There are 6,237 ha of woodland in the Surrey Hills A.O.N.B. Woods 
larger than 1 ha could, in theory, be utilised for timber 
production (approx. 6,000 ha). If it is assumed amenity 
management option 3(c) is carried out, then the opportunity cost 
for the whole of the A.O.N.B. is £7.86 million.
6 Conclusion
There have been many assumptions made in this approach towards the 
analysis of amenity. It is possible that the amenity oriented 
management options slightly exaggerate the practices which would 
actually be carried out. Nevertheless, the figures do show that 
the cost of amenity is not to be ignored.
One of the underlying assumptions of recent and current government 
policy is that amenity uses should be encouraged. This desire to 
encourage amenity use of woodlands represents little more than a
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feeling that amenity is more important now than it was in the 
past. It is important to realise that the amenity use of woods is 
not invariably in the public interest and that these uses should 
not be developed regardless of the opportunity costs involved, 
e.g., private woodland owners in the Surrey Hills A.O.N.B., who 
carry out timber production, will have to bear a high opportunity 
cost. (See Section 5.5). It is only fair that these owners are 
compensated in some way for the costs they incur. It is difficult 
enough to encourage private woodland owners to carry out timber 
production without also expecting them to manage their woods for 
the provision of amenity. (This is discussed in the final 
chapter).
Compared with the amenity benefits, the cash flow and employment 
generation of timber production are, for example, at least of 
equal importance for the rural economy for many regions in 
Britain.
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CHAPTER TEN
THE MARKETING OF TIMBER
1 Introduction
The potentional for increased timber production in Surrey will 
only be realised if (1 ) woodland owners initiate timber producing 
management practices and (2) the timber can be marketed. It is 
the latter factor which will be discussed in this chapter. In 
particular, the problems faced by the small woodland owner in 
marketing his produce will be analysed.
2 History of Marketing Timber in the UK
Marketing issues have not often influenced forest policy in 
Britain. Until the post-war years there was little sense of 
urgency in the forest service because much of its own timber was 
immature and the private owners had become used to, or accepted, 
largely laissez-faire arrangements.
A main feature of wood supply is that, historically, it was a 
rural activity and restricted to a few localities. Transactions 
were often on the basis of personal relationships and the ’family 
business’ character of timber trading has always been prominent 
(MacGregor, 1971). From this it can be argued that forest 
enterprises have tended to become a way of life, rather than fully 
commercialised businesses.
Another important historical factor is that woodlands have not 
always been regarded primarily as timber producing resources.
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During the latter years of the 19th, and early years of the 20th 
century, woodlands were regarded primarily as game coverts and the 
bulk of the timber requirements were imported from abroad (see 
Chapter 9 for present day amenity uses of woodlands). The 
marketing of timber did not become important until the late 
1950s. After 40 years of existence the F.C., which had previously 
been involved almost solely with afforestation, was now for the 
first time concerned with the complex management and planning 
problems of harvesting and marketing, production forecasting and 
yield control. The change was less marked in the private sector 
(Johnston, Grayson and Bradley, 1967). The policy objectives for 
individual estates continued to reflect the personal wishes of the 
owners. Since private forestry is hardly ever, in Britain, the 
principal source of income for the owner, the commercial and 
economic aspects did not generally achieve the same significance 
as in state forestry. Nevertheless, interest in marketing and 
economic management was increasing during this period in the 
private sector.
In the late 1950s marketing appeared to be something of a problem 
to the F.C. and private owners. Production of small-sized 
coniferous material was expanding rapidly while the traditional 
pit-prop market was declining.
By the mid 1960s, however, markets for coniferous wood were no 
longer lacking in view of the expanding demand from new pulp
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mills. Bowaters groundwood mill at Ellesmere Port was in
operation in 1959 with 4 grinders each consuming 451,000 of
spruce wood a year. The Scottish Pulp Mill at Fort William
started production in 1966 with an initial annual intake of around
200,000 M^ while the Thames Board Mill at Workington started
operations in 1967 with an annual intake of 72,000 M^. Each of 
these mills was planned subsequently to increase its consumption 
of home-grown wood.
The marketing of hardwoods remained a problem, however, especially 
for the private growers. In 1965 there was estimated to be about 
72 million M^ of hardwood timber standing in the country. The
greater part of this was mature or over mature timber
(economically speaking) and of mediocre or poor quality (Johnston, 
Grayson and Bradley, 1967). At this time, the total annual cut
was about 1.62 million M^, mostly in mature crops, while the total
O
annual increment in these crops was about 1.082 million M . At 
this rate the surplus growing stock would take about 1 0 0 years to 
eliminate. It is probably that the oldest and poorest quality
crops were not being exploited at all.
This situation has occurred in Surrey and explains why many of the
woods are over mature today (see Chapter 2).
3 Marketing Timber in Britain
The timber trade is generally known to be a very cyclical business 
and a 'difficult' industry. It is vulnerable to such variables as
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Eastern European marketing and pricing policies, world currency 
fluctuations and the level of activity in the construction 
industry, particularly housing.
As 92% of the U.K.’s wood fibre requirement is imported (see 
Chapter 6 ) it therefore follows that it dominates the market and 
home grown timber finds it hard to compete on price and quality.
A number of closely inter-related problems, such as access, 
topography, size of tree, volume available and species and mixture 
of species, also have an important effect on marketing as the 
customer would ideally like regular supplies of material, cut to 
strict specifications at a guaranteed or negotiated price.
Transport Much of the timber grown in Britain is of necessity 
grown in remote areas, resulting in relatively long hauls from the 
point of production to the main centres of consumption. At the 
same time, because timber has, in comparison with many other 
materials, a low value in relation to its volume and weight, the 
cost of moving it absorbs a disproportionate part of the price 
received by the producer. Moreover, the cost of internal 
transport in Britain is high because of such things as restrictive 
legislation which includes taxation, the topography of the country 
and the antiquated road system with its high volume of traffic. 
The consequent restriction upon the radius which timber can be 
economically marketed serves to put a brake upon the development 
of new industries needed to achieve the full utilisation of 
Britains’s timber resources (Cooper, 1970).
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In Britain the general pattern is a profusion of small inefficient
mills not very cost conscious about overheads and handling costs
which are high compared with large, efficient integrated mills.
This has a tendency to cause a drag on the market in a number of 
different ways, and generally slows down the rate at which the 
industry as a whole develops in competition with its main problem, 
namely, imported timber.
Grading In order that the large volumes of domestic conifers, 
soon to become available, can be marketed at a reasonable price,
British timber will need to be 'packaged* in the same way as
imported material, i.e., carefully graded with regard to strength, 
dimensional stability and durability. Wood can be graded 
mechanically (machine stress grading) or by eye. Tests have shown 
that the acceptibility of British softwood timber increases
greatly when the timber is graded mechancially rather than by 
eye. Much of the primary conversion of British timber takes place 
in small sawmills at local level. In 1973, only 56 of the 447 
sawmills handling British timber had an annual intake capacity of 
more than 4,000 M^ -. See Section 6.1, Table 2, for the complete
size distribution of all British sawmills. There are 48 stress
grading machines in the UK; of which only 3 grade British timber. 
The wider use of stress grading technology in the typical size of 
British sawmills could help considerably in improving the 
marketing of British timber.
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4 Problems Faced by Lhe Private Owner in Marketing Timber
The private woodland owner faces several problems in marketing his 
timber, as forests are usuaally small, supply is irregular and 
available only in small parcels. Without woodland staff or 
suitable timber handling machinery the owner is obliged either to 
sell standing to a local timber merchant or to depend on 
contractors for men and machinery. Indeed, most timber from 
private woodlands is sold standing.
The main weakness of timber marketing lies in the fact that many, 
if not most, British woodlands are small and scattered and timber 
sales tend to be small, infrequent and, in the absence of 
co-operatives, insignificant. Merchants are less attracted to 
small lots because of increased costs of handling and transport 
(see Chapter 4). In these circumstances, where for many years 
there has been a lack of co-operation between the grower and 
timber merchant and owners have grown accustomed to haphazard and 
disorganised methods of marketing, it is small wonder that owners 
’nave grown to view the timber trade with suspicion and mistrust 
(MacGregor, 1957). Owners are often ignorant not only of both the 
quality and quantity of their produce but also the current prices 
and have been at the mercy of the better informed buyer 
( Lorra i n-Sm i tli, 1 967).
5 Theory of Marketing and Recent Trends in Marketing
The majority of this section summarises the 'Economist' 
Intelligence Report on Marketing Timber in the U.K. (MacGregor,
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1971). From the preceding discussion there would appear to be 
much that could be done to improve the marketing of British
timber, especially from the small private woodland owner.
The aim of this section is to look at the function of marketing
and consider practices which could improve the situation in the 
U.K.
5.1 The Function of Marketing
The function of marketing can be assumed to cover the whole chain 
of handling activities from the time the raw material is produced 
and put up for sale until it is in the hands of the final 
consumer. As producers in forestry exist in a large number of
individual enterprises (and locations) and as consumers at the 
'other end' are also scattered, marketing implies the 
concentration of supplies at one end and disposal of the finished 
product at the other.
A way of looking at marketing is that certain utilities have to be 
developed for the consumer.
Place Utilities The provision of place utility is of special 
importance in forestry because of the usually great distance
between buyers and sellers and because of concentration of 
consumers in urban areas.
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Time The value of an article is dependent on being available when 
wanted; if it is not then available, it has no utility and its 
future may be at risk through substitution.
Form This is usually achieved in processing. Grading adds to the 
form utility by informing the buyer precisely what he is getting; 
it benefits buyers and sellers and facilitates the orderly 
marketing of any product which is not homogeneous in quality.
Conclusion of the Economist Intelligence Unit (E.I.U) Report on 
Timber Marketing
The heterogeneous group of about 12,000 private woodland owners 
(each owning more than 4 ha) has a great variety of woodlands and 
attitudes to them and a multiplicity of functions expected of 
them, so that the commercial involvement varies greatly but sales 
are unplanned and ad hoc.
The owner is often not well acquainted with market conditions and 
the reliance on the tender system was regarded as wasteful by the
E.I.U. The limits of co-operatives were also noted; growers like 
to retain independence, do not give wholehearted loyality to the 
co-operative and often use it only for the products more difficult 
to sell. The available evidence suggests that more than half of 
the annual timber output from private owners is being handled on a 
very small scale and personal basis.
i
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5.2 Improvements in Marketing
The following have been suggested as measures to improve the
marketing of privately produced timber.
1 Achieve economies of scale.
2 Achieve improved mechanisation of harvesting operations.
3 Manage, co-ordinate and deploy more efficiently the 
harvesting contractors, whose activities are at present 
invariably ad hoc and unplanned.
4 Command increasingly the confidence and custom of roundwood 
users through enhanced ability to satisfy their requirements 
in terms of volume, timing and reliability of supply.
5 Develop greater knowledge of markets and understanding of 
the needs and requirements of different outlets and by 
deploying timber more appropriately to outlets to which it 
is best suited, optimise the utilisation of home-grown 
timber.
6 Render more competitive the prices sought from consumers. 
In particular, more advantageous raw material prices should 
encourage many sawmillers (3 in 4 of whom currently involve 
themselves in harvesting) to relinquish undue concentration 
in raw material procurement and to devote increased effort 
to improving their production and marketing operations.
The E.I.U. does not, however, suggest how these recommendations
could be implemented. They admit that, in the short run, these
improvements are unlikely to become practice; because of the
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competing interests of its own members, it is clear that the Home 
Grown Timber Advisory Committee as a whole does not wish to 
support reforms which will disturb significantly the existing 
marketing arrangements (MacGregor, 1971).
Co-operatives There has been much criticism of co-operatives for 
a number of reasons.
1 The co-operation of owners has been half-hearted; many like 
to dabble in a bit of marketing themselves, particularly the 
large estates which are essential to any marketing set up as 
providing the bulk of the timber.
2 The co-operatives operate on behalf of their own members 
only, and do little or no buying from the F.C.
Consequently, if they are let down by a woodland owner they 
find it hard to replace the produce from elsewhere and 
cannot give the guaranteed supplies that their customers 
require.
3 Co-operatives work on a regional basis and, not drawing from 
all sources of supply, lack flexibility when the 
fluctuations in the market in their area cause surpluses or 
shortages (Cooper, 1970).
It would appear that there are still several problems with the 
marketing of British timber and private woodland owners still 
encounter difficulties in the marketing of their timber.
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 ^ Recent Innovations in Marketing 
There has been one development in marketing which may be of 
considerable value to the small woodland owner. This is the use 
of hardwoods in pulping. It can best be explained by reference to 
'Bowaters Hardwood Pulpwood Registration Scheme’, although there 
are similar schemes operated by other companies.
The scheme incorporates the payment direct to the woodland owner 
of a bonus per tonne of pulpwood from registered sources. To be 
elegible for registration a stand must produce 25 tonnes of 
pulpwood per acre (approx. 60 tonnes/ha) at the time of cutting. 
Any one stand can be as small as 1 acre (0.4 ha) in size, provided 
the total area registered is 5 acres (2 ha) or more.
The effect of this is an increased price to the owner for produce 
from registered sources and a constant roadside price, 
irrespective of the distance from the mill (up to 1 0 0 miles). 
Under the scheme, Bowaters undertake to purchase all supplies from 
registered sources, subject only to the company continuing to use 
home-grown hardwoods. There is no comparable undertaking to 
supply on the part of the owner. This means that changes in the 
owner's policy regarding the treatment of his woods can be made if 
desired and such changes need not be inhibited by the existence of 
rep, i stored sf ands.
The scheme, and others similar, represents an attempt on the 
company’s part to correlate supply and demand and plan ahead.
- 396 -
Financial Returns The scheme encourages orderly marketing since 
the owner who takes advantage of it will get a greater financial 
return than he who markets on an ad hoc basis. The effect of the 
bonus is roughly to double the standing value of a pulpwood crop, 
providing the maximum bonus is obtained (Spencer, 1971).
A large area of hardwood crops suitable for pulping is contained 
in comparatively small areas of woodland on farms and small 
estates, where enterprises other than forestry may have first call 
on the limited financial resources of the owner.
Spencer (1971) has considered the options open to such an owner. 
Although it may be more profitable to grow for example, Norway 
spruce, rather than pulpwood, the' owner may not be able, because 
of other commitments, to afford the costs of establishing a spruce 
crop. In this case, the scheme offers a much greater return to 
the owner than if the same crop was grown and not registered.
Spencer also discusses the attractiveness of the scheme in 
relation to the incidence of income tax. The N.D.R. for pulpwood 
is a low figure, about £100-250/ha, depending on yield and 
discount rate.
It therefore follows that even a comparatively small variation in 
the net expenditure of establishing conifers can materially affect 
the situation. The necessity of rabbit fencing, for example, by 
increasing conifer establishment costs make pulpwood more
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attractive. On the other hand, any thought of spending an 
appreciable sum of money on planting a pulpwood crop is out of the 
question, even it it was established under income tax Schedule D. 
The incidence of income tax is of major importance. The higher 
the rate of tax payable the lower the net cost of establishing a 
crop of conifers (see Chapter 7 on legal background for forestry 
operations for full explanation of income tax as it applies to 
forestry).
Therefore the registration scheme is more attractive to growers in 
the lower tax brackets, i.e., the small private woodland owner.
Richards (1961) has suggested that many existing areas of 
hardwoods which could never be expected to produce a crop of 
timber might be turned into productive and financially attractive 
pulpwood crops.
6 Utilisation of British Timber
The aim of this section is to look at the utilisation of home 
grown timber. This will also be done for timber produced in 
Surrey. The reason for this is to ensure that if the potential 
production is realised in Surrey, a market could be found for this 
timber.
6 .1 Sawmilling
For sawnwood end use, data have been compiled by the Department of 
Forestry and Wood Science, University College of North Wales, from
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both published information and an independent survey of sawmills 
cutting roundwood in England and Wales. The results are 
summarised in Table 1.
The table emphasises the heavy reliance of the British sawnwood 
industry on semi-manufactured products with low technical input 
requirements and low performance rating. Thus 6 6 % of British 
sawnwood is used in mining and pallet-packaging manufacture, a 
further 2 0 % in fencing and only 1 0 % in such high performance 
requirements as building and furniture manufacture.
TABLE 1 UTILISATION OF BRITISH SAWNWOOD, 1976 N3x lp3
Conifer Broadleaved Total 
End-Use Volume % Volume % Volume %
Mining 197 30 204 60 401 40
Packaging & Pallets 205 31 55 16 260 26
Fencing 165 25 30 9 195 2 0
Building 60 9 14 4 74 7
Miscellaneous 33 5 10 3 43 4
Furniture - - 27 8 3 3
660 100 340 100 1000 100
SOURCE: Elliot (1979)
Table 1 suggests the market for home grown sawnwood is not very 
encouraging; mining and packaging account for around 2/3 of the 
total and these are not fast growing sectors.
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A survey in 1974 indicated that much of the sawmill capacity in 
Britain was old, had been developed for the cutting of mixed 
conifer and broadleaved species and was lacking in the technical 
facilities associated with high-speed production.
Size and Location of Mills Most UK sawmills are small; 70% have 
an annual intake of less than 5,000 M^. Only 6 sawmills approach 
the size of the Scandinavian mills, cutting over 25,000 M^ per 
annum. Table 2 summarise the size and location of UK sawmills.
About 42% of British sawmills handle hardwoods and softwoods. 
Table 3 indicates the proportion of British mills cutting mainly 
broadleaved, conifer or mixed parcels of timber.
TABLE 2 SIZE AND LOCATION OF SAWMILLS IN THE UK, 1976 
HANDLING BRITISH AND IMPORTED TIMBER
Roundwood 
Intake: M^/year 
Location
500
to
2499
2500
to
4999
5000
to
9999
1 0 0 0 0
to
24999
25000 
and over
Total
Scotland 54 37 26 21 2 140
England & Wales 174 95 68 42 3 382
N. Ireland 1 3 5 2 1 12
U.K. 229 135 99 65 6 534
SOURCE: Elliot (1979)
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In Section 3 it was noted that there were 447 sawmills handling 
British timber. Using the data in Table 2, there must be around 
80 sawmills handling only imported timber. This is relatively 
few, simply because there is so little imported timber in the raw 
state (i.e., as lumber). (See Chapter 6 ).
TABLE 3 DISTRIBUTION OF SAWMILLS BY TIMBER INTAKE
Composition of % Total Mills by Country
Timber Intake_________ England_____ Scotland_____ Wales_____ Britain
Conifers ( 85%) 19 67 36 34
Hardwood ( 85%) 32 3 26 24
Mixed 49 30 39 42
Total 1 0 0 1 0 0 1 0 0 1 0 0
Those sawmills which handle predominantly hardwood species are 
mainly situated in England and Wales, and those which handle 
softwoods are mainly in Scotland. This last category accounts for 
34% of British sawmills and 63% of Scottish sawmills.
These small inefficient sawmills have survived in Britain probably 
because there has been no competition: private woodland owners
have continued to supply timber in a haphazard fashion and there 
has been no need for the sawmills to change. There has been 
little vertical integration in the sawmilling industry, i.e., 
sawmills managing their own woodlands for the supply of timber. 
The advantage of vertical integration is that hopefully the supply 
of timber can be matched more closely with demand.
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Figure 1 gives the location of the principal wood-using industries 
in Britain, including sawmills. The numbers on the map refer to 
the number of sawmills in each region with an input of more than 
500 per annum.
6.2 Pulp Production
Up until 1980 there were 7 woodpulp mills in operation in the UK. 
However, in 1980 Wiggins Teape Ltd. closed the chemical pulpmill 
at Fort William, because, despite guaranteed prices from the F.C.,
i
it found the cost of labour, energy and transport too high. In 
August 1980, Bownter U.K. Paper Co. Ltd. announced their intention 
to close the roundwood pulpmill and associated newsprint
production at Ellesmere Port. This followed extensive
negotiations, covering such aspects as Government financial 
assistance, energy costs and the price of wood supplied by the
F.C. and private growers. Despite the efforts by the F.C., the 
pulpmill was closed in November 1980. In September 1980, 
St Anne's Board Mill Ltd. announced the immediate closure of their 
pulp and board mill at Bristol. These closures resulted in the 
total loss of a market for some 550,000 tonnes of pulpwood
annually.
The only use of woodpulp produced in the U.K. is the domestic 
paper industry and the fortunes of the pulp Industry thus depend 
entirely on the paper industry. The production of pulp at all the 
mills is totally integrated with the production of paper on the 
same site. From 1970 to 1977 production of paper and board in the
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U.K. fell from 4.9 to 4.1 million tonnes. Over the same period 
the share of the market for paper and board taken by imports 
increased from 35% to 46% (see Chapter 6 , Section 8.2 for further 
details).
There has been a fall in utilisation of capacity throughout the 
1970s from 80% in 1973 to 64% in 19 77 (Elliot, 1979). The 
position, however, is not quite so serious as these figures 
suggest. Much of the under utilisation has occurred in the 
mechanical sector and Birchmore (1979) shows that since 1973 about
70,000 tonnes of mechanical pulp capacity has been withdrawn, 
reducing capacity from 255,000 to 186,000 tonnes in 1978. In part 
this reduction results from lower prices for newsprint and other
i
mechanical pulp-based products.
See also Chapter 6 for a discussion on the problems of pulpmills 
in the U.K.
6.3 Wood-Based Panels
Roundwood supplies to the wood-based panel industry in Britain are 
restricted to the particle-board and fibre-building board 
industries. The location of the major panel plants in Britain is 
given in Figure 1.
Table 4 relates U.K. production of wood-based panels to average 
consumption totals for 1970 to 1976.
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FIGURE 1 PRINCIPAL WOOD-USING INDUSTRIES IN BRITAIN
(Approximate division by economic planning regions as 
at April 1, 1074).
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TABLE 4 U.K. PRODUCTION AND CONSUMPTION OF WOOD-BASED PANELS
(AVERAGE, 1970-1976)
Industry Av. Annual Av. Annual % Consumption
_______ Capacity UK Production UK Consumption from UK Prod’n
Marketed1 435 293 950 31
Particle board________________________________________________ ________
Plywood and^ n.a. 27 1051 3
Blockboard ____________________________________________ '___________
Fibre- 1 55 31 300 10
building board___________________________ ___________________ _________
(n.a. not available) 1 lO-^tonnes 2 p(p
SOURCE: Elliot (1979)
The level of production over this period averaged only 60% of the 
industry capacity for marketed particle board and fibre-board. 
Wood-based panel manufacture in the U.K. has been markedly 
unsuccessful in recent years; some mills have closed and others 
have been in difficulties.
Both the particle and fibre board industries use considerable 
quantities of secondary fibre; particle board from woodchips 
produced from the residue of primary processing and fibre building 
board from waste paper i.e.,
Particle Board Fibre Building Board
Roundwood supply 
Residues
25%
75%
55-60%
40-45%
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The supply of roundwood to the ailing plywood manufacturing 
industry is insignificant; supplies here are almost totally 
dependent on tropical log imports.
6.4 Other Roundwood
Other roundwood uses are numerous but concentrate on the 
transmission pole, fencing and pitwood market.
The most traditional market for small roundwood is as props and 
splits in the deep mining inudstry. However, technological 
change, centred on the use of hydraulic self-advancing supports at 
the coal face and increased efficiency of coal-cutting equipment, 
has reduced the use of props and splits in mining. Moreover, as 
technological advances are made in the mining industry, the 
consumption of mining timber per unit of output has fallen. Other 
significant changes include the proportion of British timber used 
In the mining industry: whereas in 1950 more than 70% of all
mining timber was imported, by 1977 almost all sawn mining timber 
was of British origin.
The declining trend in consumption of mining timber per unit of 
output of coal is expected , to continue so that growth in the 
mining timber sector cannot be anticipated.
The transmission pole market has remained relatively steady for
some considerable time. Between 150,000 and 200,000 poles are
thought to be purchased annually of which 40% are from British
roundwood. Nevertheless, Lhl.s represents only 2.0 to 2.5 M3x103.
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7 Utilisation of Timber Produced in Surrey
At present there are 10 sawmills in Surrey, of which only 5 handle 
home grown timber. There are, however, a number in adjoining 
counties so that markets for sawlogs of both conifers and 
hardwoods are satisfactory (Gilbert et at, 1975).
As far as small roundwood is concerned, there are major pulpmills 
in Kent which take most broadleaved species and some conifers, and 
a boardmill at Sunbury-on-Thames which accepts most conifers; in 
addition there are large consumers outside the South East region 
which purchase significant quantities of both hardwoods and 
softwoods (see map, Figure 1).
Apart from the major outlets, there are also a number of small 
local firms which manufacture fencing material and so forth, which 
are consumed locally, or in London. Indeed the large local 
population means that there should be little difficulty Lu 
marketing small produce from the woodlands in Surrey. Compared 
with areas such as the Highlands of Scotland and the north of 
England, Surrey is well served by roads and the problem of access 
to woodlands is not a problem.
At present there are only about 9.6x10^ of F.C. timber produced
O O
each year in Surrey. In 1981 there was also around 7.7xlO->MJ of 
timber produced from Dedicated woods.
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The uses of timber from F.C. woods in Surrey are common to the 
timber industry throughout Britain, but with emphasis placed on 
different categories imposed by local demands and types of crops 
(F.C., 1982). The various categories are:
Conifers
Category 1. Large sawlogs from 45 to 50 year old crops used in 
the construction industry.
Category 2. Small sawlogs obtained from larger sizes of pole 
thinnings (i.e., 30 year old trees), mainly used for pallets and 
fencing panels.
Category 3. Wood wool billets which are smaller types of sawlogs 
obtained from thinnings. They are shredded into wood wool for 
packaging and manufacutre of thick insulating panels.
Category 4. Timber from general thinnings is used for fibre and 
chipwood.
Category 5. Mining timber; timber from the pole stage.
Category 6 . General thinnings used for pulpwood.
Category 7. Fencing material obtained from general thinnings.
Hardwoods
Category 1. Sawlogs obtained from mature trees, prime butts for 
veneering and planking butts for the timber industry.
Category 2. Sawlogs from final and intermediate thinnings, used 
for fencing.
Category 3. Poles from thinnings used for wood pulp, turnery and 
firewood.
i
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8 Utilisation of Potential Productions in Surrey
The question being asked in this section is 'can a market be found 
for the potential production when it is felled?' Because Britain 
produces only about 8 % of its annual requirements of timber one 
might expect that there should always be a satisfactory ready 
market for its forest produce if competitively priced. However, 
important points to note include;
1 The dependence on imported softwoods may be near 92% but on
hardwoods 70% (see Section 2.3, Chapter 6 ).
2 The coniferous plantations are in the main young, owing to
the extensive planting by both the state and private owners 
during the 1950s, 1960s and early 1970s. Between now and
1990 the quantity of softwood available for marketing will 
more than double. Hence an increasing quantity of smallwood 
will be coming on the market fairly rapidly.
3 The type of industry which can use large quantities of
smallwood need enormous volumes in order to be economic; and 
unlike the trees, they cannot grow gradually, since once 
constructed they need to come rapidly into full production.
This discussion shows that it is necessary to determine the type 
and size of timber which will be produced in Surrey.
As regards the utilisation of future l’.C. and Dedicated timber, it 
will be assumed that this will continue to find a market. This is 
a reasonable assumption as the F.C. has, throughout the 1970s, 
marketed its produce very effectively. Of the annual potential
production by the F.C. and the private sector, the F.C. markets 
about 10% more than the private sector. In 1977 the processing 
industry utilised 99.5% of potential F.C. softwood production 
(H.G.T.A.C., 1977).
8.1 Potential Timber Production in Surrey
Table 5 gives the estimated production of timber which could be 
possible in Surrey. This is based on the assumptions made in 
Chapter 5 (Table 8 ).
TABLE 5 POTENTIAL PRODUCTION IN SURREY
Period Softwood Hardwood Total
1986--2024 11 2 5 117
2025--2049 160 22 182 103 M 3
2050--2074 346 22 368 per
2075--2084 123 151 274 annum
Table 6 also gives this production with reference to the species
of timber.
TABLE 6 POTENTIAL TIMBER PRODUCTION IN SURREY: BY SPECIES
Period
Scots
pine
Norway
spruce
Western
hemlock Oak Beech
1986-2024 57 39 16 3 2
2025-2049 83 57 21 14 7 103 M3
2050-2074 180 123 43 14 7 per
2075-2084 59 41 22 98 53 annum
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From these tables it can be seen that up until around 2075 the 
bulk of ’new’ production would be softwood timber (94%). It is
only in the period 2075-2084 that the hardwood timber (oak and 
beech) would be ready for final felling. The majority of the 
softwood production comprises Scots pine and Norway spruce. It is 
necessary to consider if there will be a market for such a volume 
of softwood in the period 2050-2074, and also for the volume of 
hardwood timber in the period 2075-2084. This can be done by 
comparing the likely levels of supply and demand for soft and 
hardwood timber, for the country as a whole. Before looking at 
these estimates it is also necessary to analyse the size of the 
future timber produced in Surrey. This is because there are 
different levels of demand for various sizes of timber. Table 7 
shows the average annual production expected for the size classes 
of timber, 7-18 cm top diameter, 18-24 cm top diameter and over 
24 cm top diameter (T.D.).
TABLE 7 SIZE DISTRIBUTION OF POTENTIAL TIMBER PRODUCTION IN 
SURREY M3xlQ3 PER ANNUM
Softwood Hardwood
Period
Small 
7-18cm TD
Large
18-24 24+
Small 
7-18cm TD
Large
18-24 24+
1986-2024 105 7 - 5 - -
2025-2049 49 55 57 21 1 -
2050-2074 20 38 288 12 7 2
2075-2084 122 1 17 34 151
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To appreciate why there are 288 x 103 M3 of softwood timber over 
24 cm T.D. in the period 2050-2074 and none in the following 
period, it is necessary to consider the assumptions regarding the 
planting programme. (These were given in Chapter 5). All the 
conifer planting becomes mature in the period 2050-2074, and in 
the next period the new rotation reaches the thinning stage. This 
is, of course, an over-simplification, as was explained in 
Chapter 5. The softwood forecast, however, up to the period 
2050-2074, will reflect the changes in the size distribution of 
timber available. This is important in determining if the timber 
can be marketed.
Sawlogs A critical factor in the marketing of roundwood is the 
proportion of timber suitable for sawlogs, i.e. timber suitable 
for producing sawnwood. In Britain these are logs with a minimum 
top diameter of 17 cm together with 50% of logs with a top 
diameLer 15 to 17 cm. For the purpose of this analysis It can In' 
taken that timber with a minimum top diameter of 18 cm will be 
suitable for sawnwood.
In Table 7, timber with a top diameter of 7-18 cm will have to 
find an alternative market to the sawmills. Normally referred to 
as small roundwood, timber in this size class is used in the 
production of paper hoard and wood panels. From Table 7 it can be 
seen that in the initial, period, 1986-2024, small roundwood 
dominates the production of softwood timber, but from 2025-2075
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sawlogs comprise the bulk of production. It is not until 2075 to 
2084 that hardwood sawlogs become dominant.
8 .2 U.K. Timber Supply and Demand
It is now necessary to compare the timber production which will 
arise in Surrey with the likely levels of supply and demand for 
timber in the U.K.
a 2025: Table ,5, in the Appendix to Chapter 6 , shows the
estimates of future roundwood demand in the U.K. By 2025 total 
roundwood removals to satisfy sawnwood demand is likely to be
18.4 million w.r.m.e. In Surrey the production of sawnwood by 
2025 will only be in the region of 0.007 million M^. By this time 
small roundwood production in Surrey will have reached 
0.11 million M^, while U.K. demand could be over 69 million M^.
The expected supply of roundwood in the U.K., based on the 
continuation of the historical planting rate, will only be 
14.8 million by 2025. By 2025, then, there is likely to be 
ample opportunities to market the potential production in Surrey.
b 2050: U.K. demand has not been estimated for 2050, but will
probably be over 100 million M^. In Surrey, the forecast for the 
potential production is 0.182 million of roundwood, 8 8 % of
which is softwood.
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An important trend noted in the discussion of future U.K. demand 
for timber is that the importance of wood in the form of sawlogs 
will decline relative to that for paper, paperboard and panels. 
This trend will probably continue, although the absolute level of
consumption of sawnwood appears to be stable. (Table 5, Appendix
to Chapter 6 ).
c Beyond 2050: In this period timber suitable for sawnwood
forms the main part of production in Surrey. The marketing of the 
timber should not be a major problem, for two reasons.
1 The sawmilling sector is much dependent on the marketing of
their residues - hence it is always affected by the level of
demand in the pulp and boardwood markets, which is expected
to increase significantly in the future.
2 It is generally regarded that good quality sawnwood will 
always find a market. High quality timber also allows 
greater flexibility in marketing. The industry can then 
meet the demand for sawing assortments in higher grades.
9 Conclusion
There is no reason to suggest that the potential timber production 
in Surrey could not be marketed. By 2000 there should be 
sufficient smallwood production in England to allow the 
establishment of new pulp or board mills, which will ensure that 
the present problem of marketing thinnings disappears.
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This discussion has shown that it is vital to have some idea of 
the future pattern of wood fibre demand, i.e., consumer demand 
should determine the type of timber grown, particularly in respect 
of the size of the tree. Obviously this is difficult due to the 
long delay between planting and felling. It is evident then, that 
the forecasting of future timber demand is a necessity.
Although the small private woodland owner will continue to face 
difficulties in marketing timber, it is suggested that Surrey is 
better placed than many areas in the U.K. (See Section 7).
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CONCLUSION
1 Introduction
The purpose of this chapter is to highlight the conclusions of 
Chapters.1-10 and to discuss policy changes which may be required 
to achieve the objectives mentioned in Chapter 5. The text will 
concentrate on the South East of England and extend to the rest of 
the U.K. as appropriate.
2 Summary of Findings
Chapter 1 Ceographical Setting and Identification of Site Types 
This was mainly a descriptive chapter, outlining the geographical 
characterist.l cs of Surrey. Using information on the geology, 
soils, climate and vegetation of Surrey the dominant site types, 
on which trees will have to grow, were defined. These are, the 
Brown Earths of the claylands; the Rendzina soils of the chalk and 
the Podsols of the sandstone areas.
Chapter 2 The Woodlands of Surrey
The important attributes of the woodlands were described in 
detail:- The change in area over the years; the type and size 
distribution of the woodlands and the major uses of the 
woodlands. The important conclusions from this chapter are;
1 There are around 33,000 ha of woodland in Surrey, of which
24,000 ha are mixed or deciduous woodland.
2 The majority of the woodland area is in private ownership, 
with only 2,000 ha owned by the F.C.
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3 The majority of the woodland area is in the older age 
classes, i.e., economically over-mature.
4 Although Surrey is densely wooded; 20% of the county is 
wooded compared with a national coverage of only 8%, the 
majority of woodlands are not managed for timber.
5 Finally, the woodlands in Surrey tend to be small and 
fragmented.
Chapter 3 Characteristics of Agriculture in Surrey 
Agriculture is the major land user in Surrey. If conclusions are 
to be made regarding the use of woodlands, it is necessary to 
consider the status of agriculture. The main conclusions which 
can be drawn from the chapter are as follows. Dairying and 
horticulture account for over 60% of full-time holdings in 
Surrey, with farms carrying out cropping numbering less than 10% 
of the total.
Yields for crops are less than the average for England and Wales. 
There are a large number of small holdings in Surrey, compared 
with England and Wales as a whole. There are also a large number 
of owner-occupied and part-time farmers in Surrey.
Chapter 4 Requirements of Forestry Operations
This chapter considered the important factors affecting timber 
production and analysed them in relation to the characteristics of 
Surrey, i.e., in relation to the site types outlined in 
Chapter I. From this information, the various species and 
silvicultural systems suitable for Surrey were identified.
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Chapter 5 The Potential for Increased Timber Production in Surrey
This chapter summarises the main conclusions which can be drawn
from Chapters 1 to 4, i.e., that timber-oriented management
practices could be applied to the unproductive woods in Surrey. 
This was based on a knowledge of the physical characteristics of 
Surrey and the requirements for forestry operations.
There are numerous tree species which are suitable for the various 
site types in Surrey. It was concluded that just over 25,000 ha 
of woodland would be suitable for re-afforestation.
The main part of the chapter considered the suitability of
woodlands for re-afforestation using an economic criterion, i.e., 
N.D.R. per hectare. N.D.R.s were constructed for a combination of 
species and silvicultural systems which could be used in Surrey. 
These ’models' were constructed using costs and revenues which 
would be expected for the conditions in Surrey. Important
consideration was given to the size distribution of woods in 
Surrey. The conclusion was that, having given consideration to 
the financial expectations of timber production, there still 
remains a large area (23,500 ha) of woodland suitable for 
re-afforestation in Surrey.
Finally in this chapter, the potential volume of timber which 
could be produced from this area was estimated.
- 420 -
The important point to note is that so far conclusions have been 
made, regarding the use of Surrey's woodlands, giving 
consideration only to the economic and silvicultural aspects of 
forestry. Other forms of land use and uses of woodland have not 
yet been considered along with other constraints on the 
development of woods for timber production (see Chapters 7, 8, 9 
and 10).
Chapter 6 U.K. and World Timber Supply and Demand
Chapter 5 concluded that it was economically feasible to 
re-afforest the unused woodlands of Surrey. The aim of this 
chapter was to show that it was a desirable proposal. It was 
concluded that there will be a rise in the real price of timber, 
and that it is important the U.K. increases the proportion of its 
timber requirements met from domestic sources. The woodlands of 
Surrey can play a role in securing this objective.
Chapter 7 Legal Framework for Forestry Operations
The introduction of timber-oriented management practices to the 
woodlands of Surrey must be carried out within the framework of 
present government forestry legislation.
This chapter considered recent and present government forestry 
policy and legislation and concluded that;
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1 The government provides numerous incentives to encourage
private investment in woodlands for the production of 
timber.
2. Recent changes in government policy suggest the private
sector will become more important in providing Britain's 
timber requirements.
3 The main government incentives are geared towards the larger
estates, e.g., income tax for forestry investment. In this 
respect the owners of small fragmented woodlands are at a 
disadvantage.
Chapter 8 Constraints on Timber Production: Agriculture
The possibility that farming could be a more profitable use of the 
land than forestry is a constraint on the future use of the 
woodlands for timber production. This chapter compared the 
N.D.R.s for the forestry investments outlined in Chapter 5, with 
the N.D.R.s for agricultural systems, which occur in Surrey. From 
this it was concluded that;
1 For most farming types there is little to choose between the
two land uses.
2 Specialist dairying farms and horticulture, found on the 
better agricultural land in Surrey, produce much higher 
returns than forestry. Woods occupying land on these farm 
types should, on economic grounds, be transferred to 
agriculture. However, due to planning and land ownership 
constraints this is unlikely to occur at present.
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3 There is no reason to suggest that agriculture should have
stronger claims than forestry for the use of unproductive 
woods in Surrey.
Chapter 9 Constraints on Timber Production: Amenity
The woodlands of Surrey may be of considerable importance for 
their amenity value. This chapter sets out to value the amenity 
which woodlands may provide and also to identify situations where 
amenity woodland management may restrict timber production.
Several situations were identified in Surrey where, in the 
Interests of amenity, it would not be possible to introduce 
management practices which maximise timber production; areas 
covered by Tree Preservation Orders and the Area of Outstanding 
Natural Beauty and conservation sites. Using the theory of 
opportunity cost it was then possible to evaluate the amenity 
provided by woodlands. The important conclusion from this 
analysis is that small departures from management practices 
maximising N.D.R. produce significant opportunity costs.
Chapter 10 Marketing Timber
If the potential for increased timber production is to be 
realised, then it must be possible to market this timber when 
mature. In this chapter the general problems of marketing timber 
were considered, along with the specific problems faced by the 
small woodland owner. An attempt was made to establish the 
marketability of the potential timber production in Surrey.
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The chapter concluded that there were still several problems 
present today in marketing timber from small privately owned 
woods. However, there have been significant improvements over 
recent years, particularly with the advent of utilising small 
hardwood timber for pulp. Finally, it was concluded that the 
potential timber production in Surrey would find a market when 
mature.
3 Final Conclusion
The conclusion to be drawn from this study is that timber-oriented 
management practices should be introduced to the unproductive 
woodlands of Surrey. Chapter 5 suggested that if this was done, 
by the year 2000 117 x 1(P of timber could be available per 
annum. This would rise to 182 x 10^ per annum by 2025 and 
would represent an increase in national supply of around 1.3%, 
assuming the continuation of existing planting rates.
Surrey, the South East of England and the U.K.
Surrey is not only being studied because it has a large area of 
unproductive woodland. it is also representative of several 
counties in South East England which have a large area of derelict 
woodland, e.g., Sussex, Kent and Hampshire. In a study of 
woodlands in Sussex, Taylor (1979) found that the majority of 
small woods on. farmland were not managed in any way.
These marginal woodlands of the South East of England can play an 
important role in increasing the volume of home grown timber. The
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lowlands of Britain of which South East England forms a 
significant part, contain a large portion of the country’s
100,000 ha of unproductive woodlands and scrub which can be 
converted to productive forestry (Locke, 1978).
By taking this broader viewpoint, it is possible to see the 
importance of Surrey in realising the timber potential from land 
already under woodland.
If a maximum wood production effort is to be established in the
U.K. then it is in the marginal areas of land and woodland which
%
will become important; marginal land in the uplands as well as 
marginal woodland in the lowlands.
The problem which remains is that of implementing timber-oriented 
management practices and this will be discussed in the next 
section.
4 The Introduction of Timber-Oriented Management Practices 
It has been consistent government policy to encourage private 
forestry in the U.K. However, as Chapter 7 pointed out, the 
incentives provided for private forestry investment tend to favour 
the larger estates.
The aim of this section is to look at the introduction of 
timber-oriented management practices to small privately owned 
woodlands.
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4.1 Who Will Introduce the Management Practices?
The majority of the woodland area in Surrey is in private 
ownership. A possible answer is that the owner himself will 
undertake the forestry investment. There are, however,
alternatives;
1 The owner may sell his woodlands to the F.C. or other 
interested bodies and individuals, who then introduce 
management for timber.
2 The owner may lease his land to either a private individual, 
the F.C. or a private company, who then undertake the 
forstry investment.
With the recent government forestry policy statement advocating 
that emphasis be placed on the private sector, and the F.C. being 
forced to sell some of its assets, the indiciation is that it will 
require private investment to initiate timber-oriented management 
practices in these woods, i.e. from present woodland owners or 
owners wishing to lease their land to forestry investment 
companies.
However, the F.C. can still play a very important role in the 
development of these woodlands (see Section 4.3).
4.2 Encouragement for Private Forestry Investors
If the private woodland owner or private forestry investor are to 
play a significant role in introducing forestry management to 
small woodlands then ways must be found of encouraging them to do 
so.
I
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There are two types of private owner;
a High income landowners with large estates for whom the main
incentive is tax relief, 
b Small farmers and other low income land owners who do not
benefit from the tax concessions as their incomes are too 
low to bear heavy taxation (see Chapter 7). It is this type 
of landowner with which we are concerned in Surrey (see 
Chapter 3). Investment in forestry normally Involves 
initially incurring large expenditures, then a long period 
where there are no returns and finally a large income is
generated when the trees are felled. For the private 
landowner, the problem is to find the capital to finance the 
heavy cost of establishment and then have to forgo any
regular income on this capital for a considerable time.
An obvious solution would be to increase the value of the planting 
grants available through the Dedication Scheme. However, as 
Dunning (1978) has pointed out, increasing the planting grant does 
little to assist those who cannot afford to devote a substantial 
proportion of their estate to an investment which produces no 
income for many years.
The possibility of loans from the government or private financiers 
has been suggested as a solution by many workers, including
C.A.S. (1980). In place of a lump sum at the end of the rotation 
the owner could opt to receive an annual income from his
property. The loan would he repaid when the Limber Is felled.
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Indexing the loan against changes in timber prices would protect 
the forestry investor's income against inflation. The advantage 
being that the woodland would make an income as soon as it was 
planted making money available to meet costs as they arise. Such 
a loan scheme, financed by the government, would certainly give 
the private sector more confidence in forestry investment.
A loan scheme may be useful, in helping the small woodland owner
overcome the problems of finance, but it does little to solve the 
problem of the fragmentation of woodlands. From the viewpoint of 
expanding timber production in the U.K. in general and Surrey in 
particular, the main problem presented by the pattern of owernship 
is the fragmentation of holdings and woodlands. In Surrey there 
are numerous small woodlands, less than 10 ha, which are
considered to have potential for timber production (see
Chapter 5).
Small private woodland owners and farmers, who have little capital
to invest in forestry, may be willing to lease their land to
forestry investors. The advantages of this scheme are threefold.
1 The landowner does not have to raise the capital for
afforestation, but his income rises immediately. Hence, the 
problem of the initial investment, and the long period
without income, is overcome. Leasing gives advantages to 
the farmer with woods on his land in that he does not engage 
in an activity in which he has neither expertise nor
interest and that his liquidity is so increased he can
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invest Ln his own stock-in-trade by improving his farm 
(Mutch and Hutchinson, 1980).
2 Secondly, the owner may benefit from investment in roads and 
fencing which will be necessary for the forestry programme.
3 Finally, leasing may be a way of bringing the small
woodlands on numerous land holdings under the one 
management. If landowners leased their woods or land to a 
forestry investor, the problem of fragmented land ownership 
and woodlands would be overcome, without actually breaking 
up any of the estates. The woods will, of course, still be 
scattered but under one management the scheme offers the 
possibility of taking advantage of any economies of scale, 
regarding workforce and machinery. Private forestry
investors, like the Economic Forestry Group, have been 
implementing this scheme, which will probably become more 
important as land for sale for forestry investment 
diminishes.
4.3 Forestry Policy and Land Use Planning
The previous discussion has outlined schemes which provide 
incentives for the small woodland owner to introduce 
timber-oriented management practices. In more general terms, 
changes in the C.T.T. legislation, outlined in Chapter 7, could 
bring about further investment in forestry. The aim of this 
section is to consider the way forestry is planned in relation to 
other land uses.
In Surrey, as Chapter 9 suggested, one of the most important 
constraints on timber production is the consideration given to 
amenity in various planning regulations (A.O.N.B., T.P.O.s). This 
situation probably arises from the fact that there is no national 
land use plan in this country. Blanket designation for amenity 
will inevitably result in areas suitable for forestry being 
excluded from this activity.
Even the afforestation of bare land in the uplands of Britain has 
proceded in an ad hoc manner. Mutch (1968) and Walker (1960) have 
pointed out that state afforestation is haphazard in that it is 
dependent for its supply of land on current sales and thus land 
sales have dictated the F.C.'s expansion in location, quality and 
quantity. The same can be said for investment by private 
companies. The result of this is a highly fragmented and 
dispersed forest resource, much of it unrelated to markets.
Forestry and agriculture do not come under the legislation of the 
Town and Country Planning Act, and it is probably true to say that 
the supposed conflict between the two land uses is artificial and 
only exists because there is no machinery for deciding rural land 
use. The possibility of zoning land for specific uses has been 
suggested as a solution to these problems. However, this would 
retain some of the disadvantages of ’blanket designation’ in that, 
for example, land zoned for agriculture in the lowlands would 
contain a proportion of marginal land which could be used for 
forestry. This is the situation in Surrey.
- 430 -
In Britain, where land availability is a constraint on the 
expansion of most activities, it should be possible to have a 
system whereby unproductive land in one use can be transferred to 
an alternative more productive use. Under the war time 
Agricultural Acts this could be done. In Surrey this applies to 
unproductive woodland on farmland being used for forestry.
It is not only unproductive woodland which comes under this 
category. Coleman (1978), using the maps of the 2nd Land Use 
Survey, has estimated there are around 760,000 hectares of land in 
Britain of a type which has potential for afforestation, but would 
not necessarily displace other productive land uses, e.g., land 
covered by bracken, rushes, scrub woodland, gorse and derelict 
land.
It is probably fair to say, then, that besides the measures 
outlined in Section 4.2 to provide incentive for owners to make 
productive use of their small woodlands, changes will be required 
in the way in which the forest estate of the U.K. is expanded.
In Chapter 7 (Section 3), outlining the recent policy changes of 
the government it was stated that the F.C. is to sell some of its 
assets, including woodland, with the private sector playing a much 
more important role in the future. By 1985 it is expected that 
the F.C. will no longer require grant-in-aid from the taxpayer. 
The suggestion being made here, is that the F.C. should then play
a role in bringing unproductive woodlands and derelict land under 
commercial timber production. These areas can either be bought or 
leased from the owners. With the sale of assets and the revenue 
from its mature forests, the F.C. will be in a position to finance 
such a scheme.
If the F.C. were to concentrate on the marginal areas of land and 
leave the better land with forestry potential for private 
investment, this would help solve a major problem. Namely, that 
the F.C. and private investors compete for the same land in the 
uplands, with the effect of forcing up land prices needlessly. 
The advantage of the scheme is that the same area of bare land 
with forestry potential would be planted, but in addition marginal 
woodlands would be brought under timber management.
5 The Introduction of Timber-Oriented Management Practices in 
Relation to Other Land Uses in Surrey 
Agriculture In Chapter 8 it was suggested that although some 
woods occupied 'good' agricultural land, their transfer to 
agricultural use was unlikely. In Surrey agriculture does not 
impose a constraint on the development of the woods, although it 
may in more important farming areas in the lowlands. In fact, 
agriculture can benefit from the introduction of timber-oriented 
management practices to the woodlands of Surrey; if the owner 
leases his woodlands for forestry use then the income he receives, 
by way of rent, could be used to improve the rest of the estate.
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Well managed woodlands can also provide the farmer with game
shooting and revenues can be obtained from the lease of sporting
rights. Westmacott and Worthington (1974) found this of 
importance in establishing why farmers retained w o o d s on their 
farms, especially in the South East of England.
Much has been said of the advantages of integrated forestry and
agriculture on land units, i.e., joint product systems, e.g., 
Mutch and Hutchison (1980). However, in Britain integration has 
not really developed and where studies have shown the benefits of 
integration of forestry and farming, this has been achieved by
foresLry and farming operating as separate neighbouring land uses.
Amenity In this study it has been emphasised that the main 
constraint on forestry in Surrey is amenity, i.e., constraints
imposed on forestry management practices because consideration is 
given to the provision of amenity. The view can be taken that the 
introduction of timber-oriented management practices to the woods 
of Surrey would result in a loss of amenity. However, it is more 
likely that in the long run the amenity value of the existing
woodland would be increased. If these unproductive woodlands are 
not managed in some way, then over the years they will gradually 
disappear from the landscape. In the short term the introduction 
of timber-oriented management practices may, in the view of some, 
reduce the amenity value, e.g., by the removal of over mature
trees and the loss of tree cover in some areas (see Chapter 9).
However, in the long run, because the woods remain an integral 
part of the landscape, the overall amenity value can be said to 
have increased.
Moreover, the woodland management regimes proposed for Surrey (see 
Chapter 5), gave due consideration to the requirements of amenity 
where they were of importance.
Recreation Of the home counties, Surrey is endowed with more 
informal recreation sites than any other (see Chapter 2). These 
are mainly owned by local and district authorities and the 
National Trust. Privately owned woodlands are of little 
importance in the provision of informal recreation. The 
introduction of timber production to these woods will not alter 
this situation; private owners will not be willing to allow public
f
access with the possibility of damage resulting and consequent 
loss of revenue. However, if the scheme outlined in Section 4.3, 
whereby the F.C. develops these unproductive woods, is realised 
then the provision of recreation facilities and public access may 
be tolerated, i.e., the provision of informal recreation is 
included in the F.C.'s objectives (see Chapter 7).
Conservation The woodlands under consideration in Surrey are of 
importance in that they harbour wildlife in farming areas. None 
of these woodlands are S.S.S.I.s or owned and managed by any 
conservation body (e.g., Surrey Trust for Nature Conservation).
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These areas were excluded when the area for potential timber 
production in Surrey was estimated in Chapter 5, i.e., it was
thought their conservation value was too important to allow timber 
production to be carried out to any significant extent.
Similar to the case of amenity, the woods themselves will be 
conserved with the introduction of timber-oriented management 
practices.
6 The Effects of Increased Timber Production in Surrey 
The increased forestry activity and production of timber resulting 
from the development of woods, suggested in Chapter 5, would 
produce other benefits.
Employment would be generated from the forestry activities and 
also in the sawmills using the timber. The South East of England 
and Surrey, compared with other regions in the U.K., do not have 
the same unemployment difficulties, and for this reason the 
creation of jobs has not been used as a criterion in the 
evaluation of forestry in Surrey. Nevertheless, this beneficial 
side effect is still of some importance. The F.C. (1977), in 
their wood production outlook, estimated the multiplier effect on 
employment to be 1 . 2  for forestry, i.e., 1 0 0 jobs in forestry
generated another 2 0 jobs.
The timber processing industry would also benefit; sawmills In the 
area would profit from more regular local supplies of timber.
7 Final Conclusion
Surrey’s woodlands can play a role in the expansion of the U.K. 
forest estate. The U.K., with its small land area, can ill afford 
the luxury of unproductive parcels of land.
The aesthetic qualities of the landscape are of importance but 
they should not be the overriding factor in land use decisions. 
This study, concerning the feasibility of increasing timber 
production in Surrey, has given due consideration to the claims of 
other land uses, financial and silvicultural constraints and 
planning restrictions. In this respect the importance given to 
amenity by local authorities and the public has been incorporated 
into the study, but has not been over emphasised.
The unproductive woods of Surrrey, and similar areas in the U.K., 
represent an unused resource. The main contention of this thesis 
is that the resource can be more efficiently utilised. Having 
made the evaluation of the alternative uses of woodlands in 
Surrey, the conclusion is that timber production would be the 
optimum use.
Further Research
The lack of a national land use plan. in the U.K. and the problem 
of transferring unproductive land in one use to an alternative 
more productive use are topics which require further 
investigation. If recommendations are to be made regarding 
methods of deciding rural land use, then the way in which land use 
changes are made at present should be fully understood.
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APPENDIX TO CHAPTER 2 
F.C. TIMBER PRODUCTION 1981 CONSTRUCTED FROM NORMAL YIELD TABLES
SCOTS PINE 285 ha
Yield Class
Average
Age
6
Area Prod11
8
Area Prodn
10
Area Prodn
12
Area Prodn
14
Area Prodn
10 j 1 . 0 1 . 0 -
15 3.0 - 14.5 -
2 0 1 . 0 1 0 . 0 - 15.0 - 68.5 61.7 5.5 1 0 . 2
25 1.5 0.4 15.0 19.8 9.5 16.0 4.0 8 . 0
30 13.0 1 2 . 1 8.5 9.9 19.5 28.6 0.5 0.9
35 6 . 0 6.3 2.5 3.4 7.5 14.6
40 18.5 18.5 3.5 5.3 13.0 28.3
45 4.5 7.6 1 . 0 2.4
50 1 . 0 0.7 11 . 0 13.0 7.5 13.5 2 . 0 4.8
55
1 0 . 0 12.7 4.5 8.3
60 1 . 0 2 . 0
65 0.5 0 . 6
Total Prodn 1 . 0  - 25.5 13.2 88.5 80.9 135.5 144.4 34.5 71.2
Area: hectares
Prodn : M3
TOTAL PRODUCTION 310 M3: all thinnings
Age of Maximum Mean Annual Volume Increment (M.A.I.) i.e. age of 
final felling
YC |_______ 6 _________8_______ 10__________ 12________ 14
Age I 82 77 73 69 66
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CORSICAN PINE 298 ha
Yield Class
8 10 12 14 16 18 20
A Area Area Area Area Area Area Area
Prod Prod Prod Prod Prod Prod Prod
0 3.1 - 1 2 . 0 - -
5 3.0 - 15.0 - 19.0 - 0.4 2 . 0 -
10 2 . 0 - 13.0 - 11.5 -
15 17.5 - 33.0 - 37.5 10.0 2 . 0 1.9 4.0 5.6
2 0 1.5 - 2 . 0 0.3 6.5 7.5 8.5 17.9 15.5 43.4 1 . 0 3.2
25 4.0 2.1 11.5 19.3 23.5 47.0 21.0 50.4 1.5 4.2
30 3.5 4.1 2.0 2.9 8.0 18.7 6 . 0 17.6
35
40 6 . 0 2 0 . 0
45 0.5 1.3
B 5.5 2.1 8.5 4.4 57.6 29.7 109.0 64.9 94.4 123.8 18.5 46.9 4.0 5.6
A = Average Age B = Total
Area: hectares
Prod11: M3
TOTAL PRODUCTION 277 M3 : all thinnings
Age of maximum M.A.I.
YC 8 10 12 14 16 18 2 0
Age 64 61 59 57 55 54 53
I
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WESTERN HEMLOCK 219 ha
Yield Class
12 14 16 18 20 22
A Area Area Area Area Area Area
______ Prod Prod____ Prod_________Prod_______ Prod_____ Prod
5 1.0 - 0.5 - 7.0 - 6.0
10 3.5 - 53.5
15 0.5 - 59.0 - 11.0
20 0.5 - 4.5 - 1.0 0.8 11.0 20.4 34.5 100.3 5.5 21.2
25 0.5 0.9 4.5 11.3 1.0 2.9 1.5 4.9
30
35 1.0 2.7
40 1.5 3.5
B 1.5 - 9.0 0.9 1.5 0.8 136.5 35.2 53.5 105.9 7.0 26.1
A = Average Age B = Total
TOTAL PRODUCTION 216 M3 : 
Age of maximum M.A.I.
Area: 
Prodn:
all thinnings
YC 12 14 16 18 20 22 24
Age 79 73 67 63 59 56 53
24
Area
Prod
1 1 . 0  46.8
11.0 46.8 
hectares
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DOUGLAS FIR 169 ha
Yield Class
Average
Age
10
Area Prodn Area
12
Prod11
14
Area Prodn
16
Area Prod11
18
Area Prod11
15 1 1 . 0 -
2 0 14.0 0.7 26.0 26.0 15.5 31.8 0.5 1.4 5.5 17.6
25 5.0 7.0 51.0
r-..00 12.5 25.5 0.5 1.4
30 1 0 . 0  1 2 . 0 1 2 . 0 18.0
35
40
45
50
55
2.0 2.4
2.5 4.0 0.5 1.1
Total
Prodn
31.0 22.1 102.5 133.7 28.0 57.3 1.0
TOTAL PRODUCTION 235 M3 : all thinnings
Age of M.A.I. YC 10 12 14
2.5
Area:
Prod11:
16
6.0 19.0
hectares
M3
18
Age 64 61 58 56 54
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EUROPEAN LARCH 31 ha
Yield Class
Average
Age
6
Area Prodn
8
Area Prodn
10
Area Prodn
12
Area Prod11
1 0 2 . 0
15
2 0 4.5
25 1.5 2.3 3.5 7.0
30
35 1.5 1.6 1 . 0  2.4
40
45 1.5 0.9
50 6 . 0  48.0
55
1 . 0  6 . 0 6.0 48.0 1.5 14.9
60
65 0.5 3.9
Total Prodn 7.0 6.9 12.5 99.9 6.5 18.8 4.5 9.4
Area: hectares
Prodn : M 3
TOTAL PRODUCTION 135 M3 : all thinnings (122 M 3 final fellings)
Age of Maximum M.A.I.
YC 6 8 10 12
Age 56 52 49 47
I
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HYBRID LARCH 12 ha
Yield Class
Average
Age
6
Area Prodn
8
Area Prodn
10
Area Prodn
12
Area Prodn
14
Area Prodn
0 1 . 0  - 0.5
5 I
or—1 1.5
10 |
15 2.0 5.2
2 0 3.0 4.2 2.0 4.5
25
30
35 1 . 0  1 . 1
Total Prodn 1 . 0 4.0 5.3 1 . 0 6.0 9.7
Area: hectares
Prodn : M3
TOTAL PRODUCTION: 15 M 3 all thinnings
Age of Maximum (M.A.I.): As for Japanese larch
I
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JAPANESE LARCH 38 ha
Yield Class
Average
Age
6
Area Prodn
8
Area Prodn
10
Area Prod11
12
Area Prodn
14
Area Prod11
5 1 . 0 -
10
15
20 0.5 0.7 7.5 13.5 3.0 6 . 8
25 3.0 2.5 3.0 3.4 0.5 0 . 8 4.5 9.9 5.0 15.
30 0.5 0.5 0.5 0 . 8 3.0 7.0 4.0 13.
35
40
45
50 2 . 0  16.0
Total Prod11 3.0 2.5 6.0 20.6 .5 15.1
TOTAL PRODUCTION 90 M3 : (74 M 3 thinnings)
Age of Maximum M.A.I.
11.5 23.7
Area: 
Prodn :
YC
Age
6
50 47
10
44
12
42
9.0 28.3
hectares
M 3
14
41
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OAK 153 ha
Yield Class
Average
Age Area Prodn Area ProdnArea
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
1 1 0
115
120
3.0
3.0
0.5
13.027.0
32.0
0.75
14.0
36.0
27.5 1 1 0 . 0
Total Prodn 118.5 168.7 24.5 11.2 9.5 6 . 8
Area: 
Prodn :
hectares
M 3
TOTAL PRODUCTION 187 M3 : (148 M3 final fellings)
Age of Maximum M.A.I. YC 4 6
Age 90 78 68
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Total Prodn
BEECH 110 ha
Yield Class
Average
Age
4
Area Prodn
6
Area Prod11
8
Area Prodn
10
Area Prodn
5 1 . 0  -
1 0 0.5 1.5
15 1.5 9.5
2 0 12.5 1 2 . 0 1-5
25 6 . 0 25.5 12.0 3.4
30 1 . 0 8.5 3.4 4.0 3.7 2.0 2.3
35 0.5 0.4
40
45
50 1.5 0.42 0.5 0.2
55
60 1.0 0.4
65 0.5 0.1
70
75
80 1 . 0  0 . 2 2.5 1.25
85
90 0.5 0.1
95
1 0 0 3.0 18.0
26.0 0 .: 64.0 23.3 18.0 7.5 2.0 2.3
Area: hectares
Prodn : M 3
TOTAL PRODUCTION 34 M3 : (18 M3 final fellings)
Age of Maximum M-A.I. YC
Age 107 96 87
10
80
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ASH 13 ha
Yield Class
Average
Age
TOTAL
Area Prod11 
(ha) (M3)
8
Area Prodn 
(ha) (M3)
3.5 21.0
4.0 21.0
* Final felling should be 
at 45 years. Therefore 
yield from these woods 
is not included.
TOTAL PRODUCTION 27 M3 : (21 M 3 final fellings)
Age of Maximum M.A.I. YC 4 6 8
Age 49 45 43
BIRCH 11 ha
Yield Class
Average
Age
4
Area
(ha)
Prod11
(M3)
6
Area
(ha)
Pro<
(M-
15 1.5
2 0 1 . 0 0 . 2 0.5 0.5
25 3.0 1.7 0.5 0.4
30 0.5 0 . 2 0.5 0.4
35 0.5 0 . 2 2.5 1 . 8
TOTAL 6.5 2.3 4.0 3.1
Area: ha
Prodn : M3 Total production: 5 M 3 all thinnings
Age of Maximum M.A.I.: As for Ash
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APPENDIX TO CHAPTER 4
The Financial Rotation
FAUSTMANN FORMULA _e__
S = Yr + Ta x 1.0pr_a + Tb x 1 .0 pr“b - C x 1.0pr - O.Op 
where S = Soil (or Land) Expectation Value (S.E.V.)
C = Cost of Establishment
e = Annual cost of Maintenance
Ta,Tb, etc. = net standing value per ha of the thinnings in 
the years a,b, etc.
Yr = net standing value per ha of the final crop
r = rotation in years
p = rate of interest
Soil Expectation Value
The value of S will vary with the rate of interest, p, and the 
length of the rotation, r. The equation cannot be solved for S if 
both p and r are unknown. But if the rate of interest is chosen 
and accepted, the most profitable rotation will be that which 
gives the maximum for S. The crop of trees on the land will then
yield the selected rate of interest on the money invested in the
costs of formation of the plantation, its maintenance and 
harvesting.
- 449 -
The Financial Yield
The rotation of maximum financial yield is that which maximises p,
the rate of interest, assuming S is zero, i.e., it is the rotation
of the maximum internal rate of return.
The simplest method if finding r is by drawing a series of curves, 
each for a different value of p, to show the value of S for 
different rotations (Osmaston, 1968). (See Graph).
An indicator line CC can then be drawn through the peaks of each 
curve to show the year when S culminates for a selected rate of 
inerest (i.e., rotation of max S.E.V.).
But the rotation at which the highest rate of income is obtained
is the point where a ' p f curve culminates at the point S = 0
»
(ro). That will be the financial rotation at which the plantation 
earns the highest rate of interest.
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APPENDIX TO CHAPTER 5
MODEL 1 SCOTS PINE YC 12 HIGH FOREST
Costs Years £/ha Discounted Expci
Operation 3% 5%
Site preparation and planting 0 395 395 395
Post planting operations 1-70 444 163 81
Annual crop protection 1-70 420 113 74
Fence maintenance 1-70 140 51 25
Production roads 19 77 44 31
Road maintenance 1. 1-18 4 3 2
2 . 20-70 60 16 7
1539 785 615
Revenues Volume (M3) Discounted Revenues
Operation Year 7-18 cm
<r100 
T—i cm 24 cm+ £/ha 3% 5%
Thinning 20 18 45 25 17
25 42 - - 105 50 31
30 40 2 - 114 48 26
35 36 6 - 132 48 24
40 26 14 2 192 61 27
45 16 18 8 282 77 31
50 10 16 16 369 87 32
55 6 13 23 440 89 30
60 4 9 27 465 81 25
65 3 6 28 456 69 19
Final felling 70 19 42 357 5518 718 181
8118 1353 443
Discount Rate
0% 3% 5%
D.E. 1539 785 615
D.R. 8118 1353 443
N.D.R. £/ha +6579 ~ ~ +568 -172
Costs : Lowland afforestation for small blocks: conifers
Prices : Average (mid-point of range)
7-18 cm, 2.5 £/M3 over bark
18-24 cm, 7.0 
24+ cm, 14.5
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MODEL 2 SCOTS PINE YC 10 HIGH FOREST
Costs   Years £/ha Discounted Expenditure
Operation 3% 5%
Site preparation and planting 0 395 395 395
Post planting operations 1-75 476 164 78
Annual crop protection 1-75 450 155 74
Fence maintenance 1-75 150 52 25
Production roads 24 77 38 24
Road maintenance 1. 1-23 4 3 2
2 . 25-75 60 14 5
1612 821 603
Revenues Volume (M3) Discounted Revenues
Opera t ion Year 7-18 cm 18-24 cm 24 cm+ £/ha 3% 5%
Thinning 25 33 — _ 83 40 25
30 35 - - 88 37 20
35 33 2 - 97 36 18
40 30 5 - 1 1 0 35 16
45 23 11 1 149 41 17
50 16 14 5 2 1 1 50 18
55 10 15 10 275 56 19
60 7 13 15 326 57 18
65 5 9 19 351 53 15
70 3 7 20 347 45 11
Final felling 75 24 53 304 4839 543 125
6876 993 302
Discount Rate
3% 5%
821 603
993 302
+172 ' -301
Costs : Lowland afforestation for small blocks: conifers
Prices : Average (mid-point of range)
7-18 cm, 2.5 £/M3 over bark
18-24 cm, 7.0 
24+ cm, 14.5
0%
D.E. ' 1612
D.R. • 6876
N.D.R. £/ha +5264
MODEL 3 SCOTS PINE YC 12 LOW PRICES
Costs: As £or Model 1
Revenues Pattern of Volume Production as for Model 1
Discounted
Year £/ha 3% 5%
~20 1 “  -  ”
25 -
30 8 3 2
35 24 9 4
40 80 25 11
45 168 46 20
50 256 60 22
55 328 67 22
60 360 63 19
65 360 54 15
70_________________ 4452____________ 579_________ L46
6036 906 261
Discount Rate 
0% 3% 5%
D.E. 1539 785 615
D.R. 6036___________906________ 261
N.D.R. £/ha +4497 +121 -354
Costs : Lowland afforestation for small blocks: conifer
Prices : Low
7-18 cm 0 £/M3 over bark
18-24 cm 4
MODEL 4 SCOTS PINE YC 12 HIGH PRICES
Costs: As for Model 1
Revenues Pattern of Volume Produc.tion as for Model 1
Discounted
Year £/ha 3% 5%
20 90 50 34
25 210 100 62
30 220 93 51
35 240 88 44
40 304 96 43
45 396 108 44
50 482 113 42
55 551 112 37
60 569 100 31
65 551 83 23
70 6,584 857  216
10,197 1,800 627
Discount Rate 
0% 3% 5%
D.E. 1539 785 615
D.R. 10197  1800 627
N.D.R. £/ha +8658 +1015 +12
Costs : Lowland afforestation for small blocks: conifers
Revenues: Prices 'high'
7-18 cm 5 £/M3 over bark
18-24 cm 10 
24+ cm 17
*+ J
MODEL 5 CORSICAN PINE YC 12 AVERAGE PRICES
Costs Year £/ha Discounted Expend:
Operation 3% 5%
Site prep, and planting 0 395 395 395
Post planting operations 1-60 360 161 8 8
Annual crop protection 1-60 360 153 83
Fence maintenance 1-60 1 2 0 51 28
Production Roads 19 77 44 31
Road Maintenance 1. 1-18 3 2 2
2 . 20-60 48 15 7
1383 821 634
Revenues
Volume (M3) Discounted Revenues
Operation Year 7-18 cm 18-24 cm 24 cm+ £/ha 3% 5%
Thinning 20 58 - - 58 32 22
25 105 - - 105 50 31
• 30 1 0 0 14 - 114 48 26
• 35 88 49 - 137 50 25
•• 40 70 84 29 183 58 26
*• 45 50 119 73 242 66 27
• 50 35 126 116 277 65 24
• 55 23 98 160 280 57 19
Final felling 60 125 721 3335 4181 731 724
5576 1157 424
Discount Rate
0 %____________ 3%_________ 5%
D.E. 1383 821 634
D.R. 5576  1157 424
N.D.R. £/ha +4193 +336 -210
Costs : Lowland afforestation for small blocks: conifers
Revenues: Prices average. See Model 1
MODEL 6 CORSICAN PINE YC 12 ROTATIONS IN PERPETUITY
Costs and Revenues: as in Model 5, but discounting assumes
rotation is continued in perpetuity.
. e.
Discounted Value = 
in Perpetuity 1 -
x Discounted Value
(l+.0 p)n
p = discount rate n = year costs or revenues occur
Costs Year Discounted Expenditure £/ha
Operation ( 1 rot)(in perp) ( 1 rot)(in perp
3% 3% 5% 5%
Site prep, anc planting 0 395 395 395 395
Post planting operations 1-60 161 280 8 8 114
Annual crop protection 1-60 153 266 83 108
Fence maintenance 1-60 51 89 28 36
Production Roads 19 44 102 31 51
Road Maintenance 1. 1-18 2 10 2 6
2 . 20-60 15 22 7 8
821 1164 634 718
Revenues Discounted Revenues £/ha
Operation Year (1 rot) (in perp) ( 1 rot) (in perp)
3% 3% 5% 5%
Thinning 20 32 72 22 35
25 50 96 31 44
30 48 83 26 34
35 50 79 25 31
40 58 85 26 30
45 60 90 27 30
50 65 85 24 26
55 57 71 19 20
Final felling 60 731 885 224 237
1157 1546 424 487
Discount late
In Perpetuity 0% ______ 3% _ __ 5% ■
D.E. 1383 1164 718
D.R. 5576 1546 487
N.D.R. £/ha +4193 +382 -231
Costs : Lowland afforestation for small blocks: conifers
Price : Average
- 457 -
MODEL 7 SCOTS PINE YC 12 ROTATIONS IN PERPETUITY
See Model 6 for Method of Calculation
Costs and Revenues: As in Model 1
Discounted Expenditure
Costs Year 3% 3% 5% 5%
Operation ( 1  rot)(in perp) ( 1  rot)(in perp)
Site prep, and planting 0 395 395 395 395
Post planting operations 1-70 163 257 81 99
Annual crop protection 1-70 113 178 71 90
Fence maintenance 1-70 51 80 25 31
Production Roads 19 44 10 2 31 51
Road Maintenance 1. 1-18 3 14 2 6
2 . 20-70 16 22 7 8
785 1048 615 680
Revenues Discounted Revenues
Operation Year ( 1 rot) (in perp) ( 1 rot) (in perp)
3% 3% 5% 5%
Thinning 20 25 56 17 27
25 50 96 31 44
30 48 83 26 34
35 48 76 24 29
40 61 89 27 32
45 77 105 31 35
50 87 114 32 35
55 89 112 30 32
60 81 98 25 26
65 69 81 19 2 0
Final felling 70 718 825 181 187
1353 1735 443 501
Discount Rate 
0% 3% 5%
D.E. 1539 1048 680
D.R. 8118 1735 501
N.D.R. £/ha +6579 +687 -179
Costs
Price
Lowland afforestation; conifers 
Average
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MODEL 8 OAK YC 4 REGULAR HIGH FOREST
Discounted
3%
Expendi ti 
5%
Costs: High Cost for Broadleaves
£/haOperation Year
Establishment 0 400 400 400
Weeding 0- 4 225 211 204
Beating up 1- 4 160 149 142
Cleaning 10 1 0 0 74 61
Cleaning 20 1 0 0 55 38
Pruning 30 25 11 6
Pruning 40 30 10 4
Annual Maint. 5-19 225 158 125
Annual Maint. 20-89 142 142 47
1965 1 2 1 0 1027
Revenues Volume (M^ ) Discounted Revenues
Operation Year 7-18 cm 18-24 cm 24 cm+ £/ha 3% 5%
Thinning 35 13 - - 20 7 4
40 14 - - 21 7 3
45 14 - - 21 6 2
50 14 - - 21 5 2
55 13 1 - 37 8 3
60 13 1 - ' 37 7 2
65 12 2 - 53 8 2
70 10 4 - 85 11 3
75 8 5 1 170 19 4
80 7 5 2 238 23 5
85 5 6 3 323 27 5
Final felling 90 26 52 115 8999 648 11 2
10024 776 147
Discount Rate
_ 0% ____________3%__________5%
D.E. 1965 1210 1027
D.R. 10024  776  147_
N.D.R. £/ha +8059 -434 -880
Costs : High costs for broadleaved woods
Revenues: Average. Oak
7-18 cm 1.5 £/M^ over bark
18-24 cm 17.5
24+ cm 70
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MODEL 9 BEECH YC 6 HIGH FOREST
Costs: High Cost Cor Broadlcaves
Discounted Expenditure
Operation Year £/ha 3% 5%
Establishment 0 400 400 400
Weeding 0 1 -O 225 211 204
Beating up 1- 4 160 149 142
Cleaning 10 10 0 74 61
Cleaning 20 10 0 55 38
Pruning 30 25 11 6
Pruning 40 30 10 4
Annual. Maint. 5-19 225 158 125
Annual Maint. 20-94 750 143 46
2015 1211 1026
Revenues Volume (M^) Discounted Revenues
Operation Year 7-18 cm 18-24 cm 24 cm+ £/ha 3% 5%
Thinning 30 12 - - 36 15 8
• 35 21 - - 63 23 11
• 40 21 - - 63 20 9
• 45 21 - - 63 17 7
" 50 21 - - 63 15 6
" 55 20 1 - 64.5 13 4
• 60 19 2 - 66 11 4
• 65 17 4 - 69 10 3
" 70 13 7 1 92.5 12 3
• 75 10 8 3 132 15 3
• 80 7 9 5 171.5 17 4
• 85 5 9 7 209.5 18 3
• 90 4 7 10 263.5 19 3
Final felling 95 16 37 233 5340.5 332 52
6697 537 1 2 0
0%
Discount Rate 
3% 5%
D.E.
D.R.
N.D.R. £/ha
2015
6697
+4682
1211
537
-674
1026
120
-906
Prices: Beech 7-18 cm 3 £/M^ over bark
18-24 cm 4.5
24+ cm 22
MODEL 10 NORWAY SPRUCE YC 16; OAK YC 4 MIXED WOODLAND 
0-5ha each
OAK: Costs and Revenues as In Model 8 but halved
0 % 3% 5%
D.E. 1033 604 515
D.R. 5013 389 73
Norway Spruce YC 16
Conifers 0.5
Costs Lowland Afforestation Discounted Expei
Operation £0 .5ha Year 3% 5%
Site preparation and planting 198 0 198 198
Post planting operations 22 2 1-70 81 40
Annual crop protection 2 1 0 1-70 77 38
Fence maintenance 70 1-70 25 13
Production roads 39 19 22 15
Road maintenance 1. 2 1-18 1 1
2 . 30 20-70 8 3
820 412 308
Prices: 'Average’ as in Model 1
SUMMARY OF RESULTS
Discount Rate 
0%
D.E. £/0.5 ha oak 1033
D.E. £/0.5 ha Norway spruce 820
1833
D.R. £/0.5ha oak 5013
D .R . £0.5ha Norway spruce_ 5 3 6 6 ___
10379
3%
604
412
1016
389
927
5%
515
308
823
Revenues Volume (M3) Discounted Revenues
Operation Year 7-18cm 18-24cm 24cm+ £/ha £/0.5 ha 3% 5%
Thinning 20 25 - - 63 31.5 17 12
25 56 - - 140 70 33 21
30 53 3 - 154 77 33 18
35 47 9 - 181 90.5 33 16
40 35 18 3 257 128.5 41 18
45 22 14 10 276 138 38 15
50 13 22 21 491 245.5 58 21
55 9 17 30 576 288 58 20
60 5 13 37 640 320 56 17
65 3 8 37 600 300 45 13
Final felling 70 25 54 477 7357 3678.5 478 121
10735 5366 927 292
73
1316
292
365
N.D.R. £/ha +8526 +300 -458
MODEL 11 WESTERN HEMLOCK YC 18; BEECH YC 6, MIXED WOODLAND
0.5 ha for each species
BEECH: Costs and Revenues as in Model 9 but halved
0% 3% 5%
D.E. 1008 605 514
D.R. 3334 269 60
Western Hemlock YC 18
Costs Year £/ha £/0.5ha
Discounted
Expenditure
Operation 3% 5%
Site preparation and planting 0 395 197.5 198 198
Post planting operations 1-65 412 206 82 43
Annual crop protection 1-65 390 195 78 41
Fence maintenance 1-65 130 65 26 14
Production roads 19 77 38.5 22 15
Road maintenance 1. 1-18 3 1.5 1 1
2 . 20-65 54 27 8 4
1460 730 415 316
Revenues Volume (m 3) Discounted Expenditure
Operation Year 7-18cm 18-24cm 24cm+ £/ha £/0.5ha 3% 5%
Thinning 20 37 - - 93 46.5 26 18
25 63 - - 158 79 38 23
30 59 4 - 175 87.5 37 20
35 51 12 - 21 2 106 39 19
40 37 22 4 305 152.5 48 22
45 25 28 10 404 20 2 55 23
50 17 26 2 0 515 257.5 61 23
55 11 21 28 581 290.5 59 2 0
60 8 15 33 604 302 53 16
Final Felling 65 44 98 444 10743 5371.5 810 225
13790 6895 1226 409
Prices: 'Average1 as in Model 1
SUMMARY OF RESULTS
Discount Rate
0% 3% 5%
D.E. £/0.5 ha beech 1008 605 514
D.E. £/0.5 ha W. hemlock 730 415 316
1738 1020 830
D.R. £/0.5ha beech 3334 269 73
D.R. £/0.5ha W. hemlock 6895 1226 409
10229 1495 469
N.D.R. £/ha +8491 +475 -361
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SCOTS PINE YC 12 PRODUCTION FORECAST 9900 ha 
ANNUAL AVERAGE PRODUCTION M3xlQ3
PERIOD Size Class (Top Diameter)
7-18 cm 18-24 cm 24 cm+ TOTAL
1985-2004 0 0 0 0
2005-09 35.6 0 0 35.6
2010-14 83.2 0 0 83.2
2015-19 ■ 79.2 4.0 0 83.2
2020-24 71.3 11.9 0 83.2
2025-29 51.5 27.7 4.0 83.2
2030-34 31.7 35.6 15.9 83.2
2035-39 19.8 31.7 31.7 83.2
2040-44 1 2 . 0 25.7 45.5 83.2
2045-49 7.9 17.8 53.5 79.2
2050-54 5.9 11.9 55.4 73.2
2055-59 37.6 83.2 706.9 827.7
2060-64 0 0 0 0
2065-69 0 0 0 0
2070-74 0 0 0 0
2075-79 35.6 0 0 35.6
2080-84 83.2 0 0 83.2
WESTERN HEMLOCK YC18 PRODUCTION FORECAST 1725 ha
ANNUAL AVERAGE PRODUCTION M3 x 1 0 3
PERIOD Size Class (Top Diameter) 
7-18 cm 18-24 cm 24 cm+ TOTAL
1985-2004 0 0 0 0
2005-09 1 2 . 8 0 0 1 2 . 8
2010-14 21.7 0 0 21.7
2015-19 20.3 1.4 0 21.7
2020-24 17.6 4.1 0 21.7
2025-29 1 2 . 8 7.6 1.3 21.7
2030-34 8 . 6 9.7 3.4 21.7
2035-39 5.9 8.9 6.9 21.7
2040-44 3.8 7.3 9.7 2 0 . 8
2045-49 2 . 8 5.2 11.4 19.4
2050-54 15.2 33.9 153.2 202.3
2055-59 0 0 0 0
2060-64 0 0 0 0
2065-69 0 0 0 0
2070-74 1 2 . 8 0 0 1 2 . 8
2075-79 21.7 0 0 21.7
2080-84 20.3 1.4 0 21.7
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NORWAY SPRUCE YC18 PRODUCTION FORECAST 5090 ha
ANNUAL AVERAGE PRODUCTION M3 x 1 0 3
PERIOD Size Class (Top Diameter) 
7-18 cm 18-24 cm 24 cm+ TOTAL
1985-2004 0 0 0 0
2005-09 25.5 0 0 25.5
2010-14 57.0 0 0 57.0
2015-19 54.0 3.0 0 57.0
2020-24 47.8 9.2 0 57.0
2025-29 35.6 18.4 3.0 57.0
2030-34 22.4 24.4 1 0 . 2 57.0
2035-39 13.2 22.4 21.4 57.0
2040-44 9.2 17.3 30.5 57.0
2045-49 5.1 13.3 37.6 56.0
2050-54 3.0 8 . 1 37.7 48.8
2055-59 25.5 55.0 485.6 566.1
2060-64 0 0 0 0
2065-69 0 0 0 0
2070-74 0 0 0 0
2075-79 25.5 0 0 25.5
2080-84 57.0 0 0 57.0
OAK YC 4
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PRODUCTION FORECAST 5090 ha
ANNUAL AVERAGE PRODUCTION M^xlO^
PERIOD Size Class (Top Diameter) 
7-18 cm 18-24 cm 24 cm+ TOTAL
1985-2019 0 0 0 0
2020-24 13.3 0 0 13.3
2025-29 14.3 0 0 14.3
2030-34 14.3 0 0 14.3
2035-39 14.3 0 0 14.3
2040-44 13.3 1 . 0 0 14.3
2045-49 13.3 1 . 0 0 14.3
2050-54 1 2 . 2 2 . 1 0 14.3
2055-59 1 0 . 2 4.1 0 . 14.3
2060-64 8 . 2 5.1 1 . 0 14.3
2065-69 7.1 5.1 2 . 1 14.3
2070-74 5.1 6 . 1 3.1 14.3
2075-79 26.5 52.9 117.1 196.5
2080-84 0 0 0 0
BEECIl YC6 PRODUCTION FORECAST 1725 ha
ANNUAL AVERAGE PRODUCTION M^xlO^
Diameter) 
24 cm+ TOTAL
PERIOD Size Class (Top 
7-18 cm 18-24 cm
1985-2014 o 0 0 0
2015-19 4.1 0 0 4.1
2020-24 7.3 0 0 7.3
2025-29 7.3 0 0 7.3
2030-34 7.3 0 0 7.3
2035-39 7.3 0 0 7.3
2040-44 6.9 0.4 0 7.3
2045-49 6.5 0 . 8 0 7:3
2050-54 5.9 1.4 0 7.3
2055-59 4.5 2.4 0.4 7.3
2060-64 3.5 2 . 8 1 . 0 7.3
2065-69 2.4 3.2 1.7 7.3
2070-74 1.7 3.2 2.4 7.3
2075-79 1.4 2.4 3.5 7.3
2080-84 5.5 1 2 . 8 80.4 98.7
APPENDIX TO CHAPTER 6
TABLE 1 ORIGINS OF U.K. IMPORTS OF SOLID WOOD AND WOOD PANELS
Country/Group____ v  Imports (£ million) % Total
Finland 192.6 15.0
S.E. Asia 188.9 15.5
Norway and Sweden 187.6 12.3
Canada 153.0 9.2
Other European Countries 150.2 12.0
E.E.C. Countries 131.3 15.2
U.S.S.R. 114.8 10.5
Africa 40.8 3.3
South America 36.7 2.9
U.S.A. 39.2 3.1
Other Countries  11.8 _______ 1.0
TOTAL 1,247.0 100.0
SOURCE: T.T.F. (1981)
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TABLE 2 VALUE OF IMPORTED WOOD PRODUCTS, £ MILLION 
CURRENT PRICES
1
1 2
Pulp &j %
Year Raw % Processed Paper Total Processed
1960 186.4 41 60.0 209.4 455.8 59
1965 2 2 0 . 2 39 80.0 251.9 552.0 61
1970 237.8 31 1 2 2 . 0 415.3 775.0 69
1975 263.1 23 242.6 956.4 1562.1 77
1977 632.9 26 343.0 1382.7 2358.6 74
1978 600.3 25 418.4 1368.4 2387.0 75
1979 743.0 26 504.2 1592.7 2840.0 74
Source : T . T . 1’. (1979 & 1981)
. pulp 
paper
1 Wood in rough (logs); sawn, planed or hewn
2 Plywood, blockwood, particle hoard, veneers, fibre board, 
etc. (Excludes pulp and paper).
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TABLE 3 U.K. IMPORTS AND CONSUMPTION OF TIMBER I.E., SAWN TIMBER
SOFTWOOD HARDWOOD TOTAL
Year Imported
m3
x 1q 3 %
Home­
grown
3m~J
xlo3 %
To­
tal
m3
xl03
Imported
3mJ
xlO3 %
Home­
grown
m3
xlO3 *%
To­
tal
3mJ
xlO3
m 3 %
xl03soft
%
hard
1955 7228 96.8 236 3.2 7464 1226 64.8 667 35.2 1893 9357 80 20
1960 7686 97.6 189 2.4 7875 1348 75.0 450 25.0 1798 9673 81 19
1965 8676 97.3 241 2.7 8917 1298 76.4 400 23.6 1698 10615 84 16
1970 8145 96.5 294 3.5 8439 1045 75.2 345 24.8 1390 9829 86 14
1975 6428 96.0 271 4.0 6699 815 74.0 286 26.0 11 01 7800 86 14
1977 6369 94.8 347 5.2 6716 813 69.5 356 30.6 1169 7885 85 15
1978 6709 94.7 375 5.3 7084 842 69.2 375 30.8 1217 8301 85 15
1979 7053 94.3 430 5.7 7483 964 73.2 353 26.8 1317 8800 85 15
Consumption in thousand cubic metres
Source: T.T.F. (1979 & 1981)
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TABLE 4 U.K. CONSUMPTION OF BOARD PRODUCTS
PLYWOOD AND BLOCK PARTICLE BOARD
Year Imported % Home %
M^xlO^ 
Total| Imported % Home %
txlO^
Total
1950 357 87 54 13 411
. . . .
not available
1960 625 92 53 8 678 35.0 51 33.7 49 68.7
1965 841 95 44 5 885 93.8 37 142.8 63 226.6
1970 1053 97 28 3 1081 243.5 55 196.3 45 439.8
1975 878 97 25 3 903 656.0 66 339.4 34 995.4
1977 892 97 25 3 917 692.5 65 370.6 35 1063.1
1979 1159 88 22 2 1181 1012.7 70 431.3 30 1444.0
FIBRE BOARD
txlO^
Year Imported % Home % Total
1950 not available
1960 213.1 74 75.1 26 288.2
1965 254.1 77 77.7 23 331.8
1970 288.7 89 38.5 12 327 .2
1975 232. 5 90 25.3 10 257.8
1977 225.3 88 32.0 12 257.3
1979 270.2 90 30.6 10 300.8
Source: T.T.F. (1979 & 1981)
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TABLE 5 DEMAND FOR WOOD AND WOOD PRODUCTS
F.C. Estimates
Assumptions ^ 
Income
Product Elasticity GDP
Uni Ls 
xl( )6
Actual
1972
Forecasts 
1985 2000 2025
Sawnboard high high 1 0 . 0 | 1 0 . 2 10.4 1 0 . 8
high low M3 1 0 . 0 1 0 . 2 10.4 1 0 . 8
low high 1 0 . 0 9.6 8.9 7.9
low low 1 0 . 0 9.8 9.4 8 . 8
Paper and board high high 7.3 1 0 . 1 15.5 31.2
high low t 7.3 9.1 1 2 . 1 19.5
low high 7.3 9.8 14.4 26.8
low low 7.3 8.9 11.5 17.7
Wood Panels high high 2 . 8 5.1 9.8 2 1 . 1
high low M3 2 . 8 4.1 6.3 1 0 . 8
low high 2 . 8 4.7 7.5 14.0
low low 2 . 8 3.8 5.3 8 . 2
C.A.S. Revised Forecast
Sawnwood M 3 1 0 . 0 1 0 . 2 10.5 1 0 . 8
M 3 wrme 17.1 17.4 17.9 18.4
Paper and board t 7.3 7.8 10.4 16.7
M 3 wrme 2 2 . 0 23.5 31.3 50.3
Wood panels M3 2 . 8  | 4.1 6 . 8 1 0 . 8
M 3 wrine 5.1 7.5 12.4 19.6
Unadjusted Total M3 wrme 44.3. 48.4 61.6 88.3
> Adjusted Total M 3 wrme 46.0 55.0 75.0
1 Assumptions as in Table 3. The roundwood conversion factors
applied are those used by the F.C.: Sawnwood x 1.71, Paper and
board x 3.01, wood panels x 1.82
TABLE 6 GROWTH OF PER CAPITA G.N.P., % PER ANNUM 1980-1990
I.B.R.D., 1980
Country Groups_________C.A.S. Assumption_ _ Low__________ High
Low Income Africa 1.2 -0.1 0.6
Low Income Asia 2.4 1.3 2.3
Low C.P.E. 4.9 3.3
Middle Income 2.8 2.25 3.1
High C.P.E. 3.7 3.3
Industrialized 3.4 2.5 3.2
C.S.O.E. 5.0 2.3 2.8
Source: C.A.S. (1980) and I.B.R.D. (1980)
TABLE 7 POPULATION GROWTH TO 2000
Projected Population Growth % Per Annum 
Country group ___ C.A.S. (I.B.R.D., 1978) I.B.R.D., 1980
Low Income Asia 2 . 1 2.15
Low'Income Africa 2.7 2.85
Middle Income 2.7 2.4
Industrialized 0 . 8 0.45
C . P.E.s 0.9 1.15
Source: C.A.S. (1980) and I.B.R.D. (1980)
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TABLE 8 WORLD DEMAND FOR WOOD AND WOOD PRODUCTS w.r.in.e. 106M 3
(at fixed prices)
ADJUSTED FOR RESIDUE USE AND RECYCLING
Forecast for 2 0 0 0 Forecast for 2025
Product 1976 C.A.S. Low High C.A.S. Low High
Sawnwood 733
.. —  .. ~
1 308 1218 1285 2582 2297 2460
Panels 149 413 330 390 920 739 871
Paper and Board 250 760 631 712 1834 1507 1692
Other Industr. Wood 204 280 342 360 531 590 634
Fuelwood & Charcoal 1451 2329 2156 2425 3481 3082 4143
TOTAL 2791 5090 4677 5172 9348 8215 9800
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APPENDIX TO CHAPTER 6, SECTION 7.3
The problem with estimating the demand for timber (roundwood) at 
various prices, is that wood fibre is consumed as sawnwood, panel 
products, paper and board and fuelwood. All these products will 
respond to changes in price in different ways, i.e, their price 
elasticities of demand are different. It is therefore necessary 
to deduce the price elasticity of demand for roundwood from 
available data on wood products.
McKillop (1967) and Buongiorno (1978 and 1979) have estimated 
price elasticities of demand for the major forest products. These
are summarised in Table 9.
McKillop's study was limited to producers and consumers in the 
United States (1929 to 1960) while Buongiorno's estimates were 
based on data from 43 countries over the period 1963-1973. Both
workers used broadly similar methods; a system of interrelated
linear demand and supply relationships were estimated by least 
squares and by analysis of covariance. The price elasticities in 
Table 9 are all for the short term and long term elasticities
obtained by Buongiorno were always greater than those for the 
short term.
TABLE 9 ESTIMATES FOR THE PRICE ELASTICITIES OF DEMAND FOR WOOD
PRODUCTS
McKillop
Most likely
Product_____________ estimate_______ Range_____________ Buongiorno
All Sawnwood -3.5 -0.9 to -6.0 -
Softwood Sawnwood -3.2 -0.2 to -6.3 -0.21
Hardwood Sawnwood - - -0.16
Plywood -0.1 0 to -0.2 0
Building board -1.0 0 to -2.3 -0.17
Particle board - - -0.14
Paper -0.4 0 to -1.0 -0.50
Paper board ______-0.3  0 to - 0 . 6 ____________
The most likely estimates are negative, implying an increase in
price will cause a reduction in consumption. Buongiornofs 
estimates are much lower than those of McKillop. Buongiorno
(1979) reports that demand for all products was found to be price 
inelastic with long term elasticities ranging from -0 . 1  for
particle board to -0.2 for coniferous sawnwood. The price
elasticity for plywood was not significantly different from zero.
It is now necessary to express these price elasticities for wood 
products with respect to the price of standing timber, i.e., the 
price paid to the growers. This can be done if the proportion of 
wood product price accounted for by the actual cost of the wood is 
known. Rankin (1973) has suggested the value of a unit of timber 
worth £1 in the forest becomes £5.5 from the sawmill, £19 from a
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particle board plant and £27 from a papermill. Using this
information it is possible to calculate the elasticity of demand
for wood products with respect to the price of standing timber.
These estimates are given in Table 10, column 2 and 3.
TABLE 10 CONSTRUCTION OF AGGREGATE ELASTICITY OF DEMAND FOR 
TIMBER WITH RESPECT TO TIIE PRICE OF TIMBER
Elasticity of 
demand for
Cost of wood products Elasticity of
wood as a with respect demand
% of to the price Out- according to
product of standing put* output
Product price timber________ weight weighting____
  _________  McKillop B ’orno ~ing McKillop B'orno
All Sawnwood 1/5.5 = 18% -0.63 -0.04 0.33 -0.2079 -0.0132
Plywood 1/19 = 5% -0.1 0 0.02 -0.0002 0
Pulpwood 1/27 = 4% -0.02 -0.03 0.14 -0.0028 -0.0042
Building b’rd 1/19 = 5% -0.05 -0.01 0.04 -0.0020 -0.0004
Fuelwood 0 0 0.47 _J0________ 0_____
Aggregate Elasticity -0.21____ -0.018
* Breakdown of product output by w.r.m.e. (F.A.O., 1978)
By weighting the elasticities for wood products according to the % 
of timber going to each end use (wood product) the aggregate price
elasticity demand for timber can be estimated. Table 10
summarises the estimates of the elasticities of demand for wood 
products with respect to the price of standing timber and the
aggregate elasticity of demand for timber with respect to the
price of timber.
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As regards fuelwood, C.A.S. have assumed that demand is very 
inelastic with respect to the price of standing timber and 
therefore use a zero elasticity. This assumption is critical to 
the aggregate elasticity as world consumption of fuelwood is high, 
(output weighting of 0.47); e.g., if the price elasticity of
demand for fuelwood was even -0 .2 , then this would increase the 
aggregate elasticity of wood, with respect to the price of wood, 
from -0.21 to -0.30 (using McKillop's estimates).
Other workers have made estimates of the price elasticities for 
wood products and these vary considerably which suggests it is 
very difficult to estimate precisely the aggregate demand 
elasticity with respect to the price of wood. C.A.S. (1980) only 
go as far as saying that it is certainly less than - 1 . 0  and that 
it probably lies in the range -0.05 to -0.50. The estimates by 
Buongiorno are thought to be too low.
It is also likely that the long term price elasticity is much 
greater than that of the short term. This is because in the long 
term the price rise may induce substitution of other materials for 
wood. Buongiorno (1978) indicated that the long term elasticity 
of demand for paper and paper board products was 50 to 100% higher 
than the short term elasticity.
If this is also the case for wood, and taking the aggregate short 
term elastic I ty to be in the region of -0.1 to -0.3, then the 
aggregate long term elasticity of demand for wood, with respect to
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the price of timber, is expected to lie in the range of -0.3 to 
-0.5.
From this discussion, it is apparent that it is very difficult to 
estimate the price elasticity of demand for timber. There is no 
clear cut evidence to indicate what the demand schedule really 
looks like. Two other considerations add to the difficulties.
1 The first is future shifts in consumption patterns.
Table 11 gives the breakdown of future total world wood 
demand according to the volume of raw timber required for 
each end use.
TABLE 11 WORLD DEMAND FOR WOOD AND WOOD PRODUCTS - AT CONSTANT 
PRICES
Wood Product 1976* % 2 0 0 0 % 2025 %
Sawnwood 736.9 26.4 1308 25.7 2582 27.6
Panel products 149.4 5.4 413 8 . 1 920 9.8
Paper & paper board 249.9 9.0 760 14.9 1834 19.6
Other industrial wood 203.9 7.3 280 5.5 531 5.7
Fuelwood & charcoal 1451.3 51.9 2329 45.8 3481 37.3
TOTAL 2791.4 1 0 0 . 0 5090 1 0 0 . 0 9348 1 0 0 . 0
* Actual Volumes, w.r.m.e., million
Source: C.A.S. (1980)
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This table shows that the proportion of roundwood 
required for panel products, pulp and paper will 
increase from 14% in L 9 7 6 to 23% in 2025. Looking 
back at Table 10 (column 1) it can be seen that wood 
contributes towards a much smaller proportion of the 
total cost of production of these products, compared 
with sawnwood. Therefore, Lf these products make up a 
larger share of total roundwood demand, which has been 
predicted, the aggregate elasticity of demand for wood 
will tend to fall.
2 Secondly, the actual shape of the demand schedule will
affect the outcome of a given price change. The 
demand schedule could be linear or exponential; if it 
is exponential, an elasticity of -0.3 will result in a 
19% drop in consumption, if prices double. If it is 
linear, i.e., throughout the price range, a given 
absolute change in price is associated with a given 
absolute change in demand, an elasticity of -0.3 means 
that a doubling of prices will result in a 30% fall in 
consumption.
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APPENDIX TO CHAPTER 9
N.D.R. FOR BIRCH YC 4, 50 YEAR ROTATION
Revenues Year Operation Volume (M^) £/ha £/ha (3% d.r.)
2 0 Thinning 3 12 7
25 • 14 168 80
30 14 168 70
35 • 14 168 60
40 » 14 168 52
45 •• 14 168 44
50 Final felling 115 460 105
1312 418
Thinning regime as in Normal Yield Tables 
Price of Timber £4/M^ O.B., standing. 1979
Costs Operation   Year___  £/ha £/ha (3% d.r.)
Establishment 0 395 395
Post planting operations 1-50 315 151
Annual crop protection 1-50 300 143
Fence maintenance 1-50 1 0 0 48
Production roads 1-19 77 57
Road maintenance a 1-19 4 3
b 20-50 36 13
1227 810
I). 8. 81.0 £/ha
D.R. 418 £/ha N.D.R. -392 £/ha
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Revenues 
Year 7-
N.D.R. SCOTS PINE 100 YEAR ROTATION (YC 12)
-18 cm
Volume 
18-24 i
(M3) 
cm 24+ (Top dlam.) £/ha £/ha (3%
2 0 18 - - 45 25
25 42 - - 105 50
30 40 2 - 114 48
35 36 6 - 132 48
40 26 14 2 192 61
45 16 18 8 282 77
50 10 16 16 369 87
55 6 13 23 446 89
60 4 9 27 465 81
65 3 6 28 456 69
70 2 4 27 425 54
75 2 3 25 389 42
80 1 2 23 350 33
85 1 1 21 314 26
90 1 1 18 271 19
95 - 1 16 239 14
1 0 0 12 26 504 7520 391
Costs Operation Year £/ha
1214 
£/ha (3% d.r.)
Es tablishment 0 395 395
Post planting operations 1 - 1 0 0 630 144
Annual crop protection 1 - 1 0 0 600 134
Fence maintenance 1 - 1 0 0 2 0 0 46
Production roads 19 77 44
Road maintenance a 1- 19 3.8 3
b 2 0 - 1 0 0 96 19
D.E. 785 £/ha
D.R. 1214 £/ha
2002
N.D.R. £429/ha-
785
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N.D.R. FOR OAK YC 4 150 YEAR ROTATION
Revenues  Volume (M^)
fear 7-18 cm 18-24 cm 24+ (Top diam.) £/ha £/ha (3%
35 13 - - 2 0 7
40 14 - - 21 7
45 14 - - 21 6
50 14 - - 21 5
55 13 1 - 37 8
60 13 1 - 37 7
65 12 2 - 53 8
70 10 4 - 85 11
75 8 5 1 170 19
80 7 5 2 238 23
85 5 6 3 323 27
90 4 6 4 391 27
95 4 5 5 444 27
1 0 0 3 5 6 512 27
105 2 5 7 581 28
1 1 0 1 4 8 633 26
115 2 3 8 616 22
12 0 2 2 8 598 18
125 1 2 8 597 16
130 1 1 8 509 12
135 1 1 7 439 9
140 - 1 7 438 .7
145 - 1 6 368 5
150 6 13 192 13,677
20,829
172
524
Costs: The same as for Model 8 , Chapter 5, except additional
£18/ha (3% d.r.) to cover maintenance to year 150.
D.E. 1228 £/ha
D.R. 524 £/ha N.D.R. -704 £/ha
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N.D.R. FOR BEECH YC 6 150 YEAR ROTATION
Revenues Volume (M^)
Year 7-18 cm 18-24 cm 24+ (Top diam.) £/ha £/ha (3% d.r.)
30 12 - - 36 15
35 21 - - 63 23
40 21 - - 63 2 0
45 21 - - 63 17
50 21 - - 63 15
55 20 1 - 65 13
60 19 2 - 66 11
65 17 4 - 69 10
70 13 7 1 92 12
75 10 8 3 132 15
80 7 9 5 172 17
85 5 9 7 209 18
90 4 7 10 264 19
95 3 5 12 296 18
1 0 0 2 4 13 310 16
105 1 4 13 . 307 15
1 1 0 2 2 14 323 13
115 1 2 14 320 11
1.20 - 2 14 317 10
125 1 1 14 315 8
130 1 1 14 315 7
135 - 1 14 312 6
140 - 1 14 312 5
145 1 - 14 310 5
150 5 12 330 7,329 92
411
los ts: As in Model 9, Chapter 5.
But with extra maintenance costs for years 95--150 1
p.a. at 3% d.r. = £30.
1). E . = 1.211 + 30 = 1241 £/ha D.E. 1241 £/ha
D.R. 411 £/ha 
N.D.R. -830 £/ha
- 484 -
GLOSSARY
Beating up The replacement of dead trees in a newly planted 
crop.
Bole The trunk of a tree.
Brashing The removal of the lower branches on a tree to provide
access for marking and thinning.
Chlorosis The absence of green pigment in plants.
Compartment An area of forest which is uniform regarding
species, age of trees and Yield Class and can therefore be treated
as a management unit.
Coppice Wood production system which involves cutting young
trees to exploit early growth. The cut-over stumps produce fresh 
shoots in the year following and the cycle is repeated.
Ericeous vegetation Plants of the family Ericaceae e.g. ,
Bell-heather, Heather.
Escarpment A long cliff like ridge. Normally the escarpment
consists of a short steep rise (the scarp face) and a long gentle 
slope (the dip-slope).
Even-aged forest Forest composed of trees of the same age. 
Genetically certified (stock) Plants from a nursery which
guarantees good growth characteristics.
Hectare (ha) 2.471 acres.
High forest Silvicultural system which produces forest trees 
from seedlings rather than from coppice.
Impeded soils Soils which do not have free drainage.
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Irregular system Trees Ln the forest crop are of different ages 
therefore the canopy is multi-layered.
Light soils A course textured soil and easy to cultivate.
Lithological The character of rock expressed in terms of its
mineral composition.
Mature trees (1) Biological: The height and spread of a tree
reach a maximum. After a time they start to decrease and senility 
sets in. (2) Economic: This can be defined as the time when the
current annual increment (C.A.I.) equals the mean annual increment 
(M.A.I.).
M Vha/y r MAI
GAI
ECONOMIC MATURITY TIME
Mean Annual Increment (M.A.I.) This is the total volume
production to date, divided by the age i.e., the average rate of 
volume production over the life of the crop to date. Current 
Annual Increment (C.A.I.) is the volume increase in one year.
Mixed woodland Refers to woodland consisting of broadleaved and 
conifer species.
Natural regeneration Seeds from the main crop establish
themselves where conditions are suitable.
Normal forest A forest composed of a series of age classes in 
proportions which permit sustained yield felling under a given 
system.
Overbark (O.B.) The volume of timber before the bark is removed. 
Over mature trees (Economic) The mean annual volume increment 
starts to decline.
Pit-planted Young plants are used to establish a crop. They 
have a good root system and a pit must be dug.
Plantation The wood is established by man and not by natural 
regeneration.
Podsolized Soils formed under coniferous forest and
characterized by a highly leached horizon.
Pruning The removal of branches on a tree to provide knot-free 
timber.
Rendzina Soils with brown/black friable surface horizons
underlain by light grey/yellow calcareous material.
Rotation The time between planting and final felling.
Roundwood Timber as harvested, before conversion.
Sawlogs Timber considered suitable for producing sawnwood. In 
Britain; logs with a minimum top diameter of 17cm plus 50% of logs 
with a top diameter of 15-17cm.
Scrub Woodland consisting of small shrubs, such as juniper, 
gorse, broom, occasionally there is birch. There is no timber 
value. However, mature birch in monoculture can yield a timber 
crop and is classed as high forest.
Shelterwood system The crop is never totally clear felled. 
Establishment is in small areas, often by natural regeneration. 
Site type All the factors, biotic and abiotic, which determine 
the growth potential of an area of land.
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Small roundwood Normally refers to logs of 7cm maximum top 
diameter, overbark.
Strong soils Fine textured soils which are difficult to
cultivate.
Stumpage value The value of timber immediately after felling. 
Sustained Yield The annual volume of wood that a forest can
produce continuously under a given system of management.
Top diameter The volume of timber in a tree with a certain
diameter, e.g., with a minimum 7cm top diamter.
Transplants Plants from a nursery used in the establishment of a
crop. They are usually strong enough so that weeding is not
required.
Two-storeyed forest There are two age-classes present in the
forest so there is an upper and lower canopy.
Underbark The volume of timber after the bark has been removed.
Windblow/throw Trees are bent over or removed from the ground
due to strong winds.
Yield Class The potential or actual yield of a forest,
calculated as the total volume of wood produced divided by the age 
when maximum mean annual increment is achieved. The Yield Class 
is expressed as per ha per year.
